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Executive summary

During a fact finding and goal establishing mission of 23" to the 29t of September, 2017, prof Komen
and dr Kals from Wageningen university , together with mr Smolders of the Dutch embassy in Teheran,
and mr Lomans of the Ministry of Agriculture, Nature and Food quality in the Netherlands visited IFSRO
research institutes in Anzali and Ahwaz, fish processing companies in the Persian gulf, and two institutes
of the Iranian Fisheries Organisation or Shilat (IFO). Based on discussions with the Iranian deputy
minister and colleagues from IFSRO, we identified several joint research and cooperation priorities:

For fish breeding, the single most important priority is the development of breeding programs for the
existing and new species, to increase the productivity of the Iranian Aquaculture sector. This requires
capacity building through training courses and joint research projects. Training courses can be offered
online and on-site, with the purpose of delivering hands-on tools that can be used to develop and execute
breeding programs capacity. Caspian brown trout is a high potential new species for the Caspian sea
area. Broodstock has been imported which provides an excellent starting point for a dedicated breeding
program. Tilapia is a species with high potential for development in the southern and desert areas of
Iran. Environmental restrictions currently prohibit large scale culture. Dutch industry partners have
expertise in recirculating aquaculture systems for tilapia and all-male production. A pilot should be
identified which should involve IFSRO /IFO institutes and private partners to explore the development
of tilapia culture under zero environmental impact conditions.

For fish processing four objectives are identified: 1. to increase the human consumption of the small
pelagic species like anchovy, kilka and sardines currently used for fishmeal. 2. To increase the resource
use efficiency of tuna by products 3. the increase of the use of lantern fish for both fishmeal and human
consumption and 4. The development of product using carp as a raw material. For each of the four goals
a brief introduction, and suggested plan of action is described. Which of and how many of the four
objectives can move into a pilot depends on the funding and priorities set by the private sector.

The persons involved in the mission are of the opinion that the Islamic Republic of Iran has great
potential to increase aquaculture production/products in Iran through the introduction of new
technologies (breeding and processing) and species. These will increase the added value and resource
use efficiency of fish. The plans of action for joint research and cooperation are a good start to develop
joint cooperation projects on these priority areas. Yet, the execution of the plans of action for joint
research and cooperation has to be made concrete by the involvement of both IFSRO and the private
sector. The involvement of IFSRO is instrumental for capacity building. The private sector is crucial for
funding, production and commercialisation of the products developed.

In the second stage of this project, which took place from 8% until the 13% of June 2019, a short
mission, was organized. During the mission a pilot farm for brackish water farming of Nile tilapia was
visited in Bafgh, followed by a meeting with the deputy governor of Yazd, and the director of AREEO in
Yazd, to discuss the opportunities for a larger collaborative research project. The mission was followed
by a one-day workshop on June 12 in Tehran where several experts of Dutch aquaculture production
and trade gave presentations in a number of parallel sessions, jointly organized by IFSRI and the
Netherlands Embassy. The workshop was highly successful and attracted more than 150 attendants,
mostly Iranian representatives from the private sector, research institutes and others*.

*As a result of the Dutch Privacy Law (AVG), the names of the persons involved in the missions and the participants of the

seminars, other than the authors or speakers of the seminars are not mentioned.
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1 Background

In Vision 2025, the Iranian government indicates the wish to diversify the economy and become less
dependent on the oil industry. Moreover, it is stated that food security is a top priority that needs to be
improved by increasing the productivity of the agricultural, aquaculture and fisheries sector. This
amongst others, can be achieved by a more efficient aquaculture industry with the processing of fish
and by products of fish to high-quality products. With expertise, technology and products, Dutch
institutions and industry can contribute to achieve this ambition.

Important questions related to this ambition are: How is the Iranian aquatic value chain organized? How
can the value chain be optimized in the interaction between the species used, the current way of
breeding, farming and harvesting, and the processing to minimise the losses and increase the added
value of fish products. This project builds on a previously successful collaborative project focused on
product innovation and the processing of by products from silver carp, which was conducted by
Wageningen University & Research (WUR) in cooperation with the Iranian Fish Research Institutes
(IFRO) in Iran. Building on a recent visit of representatives of the Iranian Fisheries Science Research
Institute (IFSRO) to Wageningen University, this new joint project focuses on the development of
expertise, practical research, the implementation of expertise and production and commercialisation of
products.

For this an integrated chain approach is required to answer the questions of fulfil the goals. In this
project, it was decided to focus on the beginning and end of the value chain, because the Netherlands
can provide high-quality, specific and unique expertise and technology related to selective breeding of
fish, and the processing of fish and by-products of fish.

Wild fish is genetically optimally adapted to living in wild conditions, but not to the production conditions
encountered in farms. This means that wild fish is less productive, less efficient and has higher
mortalities, than fish that has been selected for growth in controlled aquaculture operations, such as
tanks, raceways, ponds or cages. By selecting the best parents to produce offspring, the next generation
will perform better in terms of growth. The process of doing this in a controlled manner is called selective
breeding, and the planning, execution and evaluation of selective breeding is called a breeding program.
Breeding programs can be used to improve growth, feed efficiency, fillet yield and product-quality.
Currently the Iranian aquaculture industry is entirely dependent on species that were domesticated for
many decades (carps), and import of fertilized eggs (rainbow trout). The Iranian government recognizes
that this is an undesirable situation and that there is a urgent knowledge gap with respect to selective
breeding.

The processing of fish involves fresh, frozen or otherwise conserved products with high added value.
Often fish processing (e.g. filleting) is accompanied by huge losses of raw material. These so called by
products can be processed into various products (e.g. meat analogues). Crucial when producing (novel)
products is taking into account consumer preference and market potential of these products.

This project starts with an inventory of the current farming, (selective) breeding and processing
methodologies of the main (farmed) fish species and their market potential in Iran. Based on the
inventory and results of the fact and goal establishing mission, a seminar/workshop with all the relevant
stakeholders was organized. One of the targets of the seminar is to define a larger public-private funded
project with involvement of both Dutch and Iranian private sector.
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2 Fish production in The Islamic
Republic of Iran

2.1 Fisheries

The total landings of the Iranian fishery sector in 2016 was 634000 tonnes of which approximately
600000 tonnes from the southern part and approximately 33000 tonnes of the northers part of The
Islamic Republic of Iran. The landings in the southern region in 2016, which represents the Persian Gulf
and the Oman Sea region, consisted out of the large pelagics or tuna species, the small pelagics or
sardines and anchovy species, lantern fish, demersal species and shrimp with landings of 274533,
78507, 14809, 223533 and 9420 tonnes of each category respectively. From the large tuna species
(yellow-fin, skipjack and long tail tuna) most, approximately 160000 tones, are used for the canning
industry and the rest, approximately 115000 tonnes (e.g. King mackerel, Spanish mackerel), are going
to the market fresh for direct human consumption. From the small pelagics 90% is used for the
production of fishmeal and only a minor part (10%) is used for human consumption. At the moment, a
development plan is running to increase the landings of lantern fish from the current 20 kton/y to 100
kton/y in the coming 5 years and, if successful, to 400 kton/y in the future. The maximum sustainable
yield of lantern fish is estimated to be more than one million tons/y. The landings of 223 kton/y of
demersal species, which consist of more than 60 different species, are going to the market fresh for
direct human consumption. The landings in the northern region which represents the Caspian sea
consisted of bony fish species (e.g. kutun, mullets, carps and bream) and Kilka with landings of 10926
and 22429 tonnes, respectively. The total landings of the fishery sector are more or less stable the last
few years.

2.2 Aquaculture

The first attempts to culture fish in Iran started with the culture of rainbow trout near Tehran in 1959,
followed by the culture of carp species in the Gilan Province in 1971 and shrimp in the early 90’s in the
Gulf region. The aquaculture industry developed strongly and the production increased from 3 219
tonnes in 1978 to 371.840 tonnes in 2014. The main contributors to this total production are the carp
species (common carp, silver carp, grass carp and bighead carp), with 170.341 tonnes (~45 percent).
Second comes rainbow trout with a production of 126.515 tonnes or approximately 34 percent, and
third the aquaculture-based fisheries with 51.666 tonnes or approximately 14 percent of the total
production. Shrimp production (mainly white leg shrimp) reached 22.475 tons in 2014 and almost
doubled compared to 2013. Other species being promoted to diversify production and increase flexibility
are the caspian trout, giant river prawn, beluga sturgeon, freshwater bream, Binni, pike perch, Sobaity
bream, barramundi and orange-spotted grouper. A development plan is running in the Caspian Sea, the
Persian Gulf and the Oman sea for the development of marine cage culture. The candidate species for
the Caspian Sea include, among others, caspian trout and beluga sturgeon. The candidate species for
The Gulf and the Oman sea include groupers, Sobaity bream, barramundi, cobia, silver pomfret and four
finger threadfin. In order to support the requirements of juveniles for the growing fish farming industry,
several government-run fish hatcheries were established for rainbow trout as well as a marine fish
hatchery. However, more than 95 percent of the juveniles are currently produced by the private sector.
The Iranian Fisheries Organization allocated the state owned hatcheries for the production of juvenile
sturgeon and other bony fishes for use in the re-stocking programs of the Caspian Sea under its stock
enhancement programme.
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2.3 Market, economy and future development

Fish consumption in Iran was low in the 1980’s with a per capita consumption of 1 kg/year, yet increased
substantially to 11 kg/year in 2017. The role of fish production (aquaculture and fisheries) as a
contributor to the Iranian economy is small. The value of fish commodities exported in 2014 was USD
300 million. However, with the good potential for increase in production, especially for the aquaculture
sector, it seems likely that its contribution to the country's economy will increase.

The aquaculture and fisheries production is important to the government for food security and the job
opportunity aspect. The number of people employed in the sector has risen from 93.000 in 1993 to
208.000 by 2014 of which the number directly employed in the aquaculture sector is around 68.000.
Therefore, the fisheries industry is in a favourable position and the governmental support through
investments in this sector is substantial. The government supports the private sector by providing low
rate interest loans and suitable land at competitive prices. Moreover, to improve the link between
research and the industry, the Minister for Science, Research and Technology will grant 60 percent of
the funding required for research projects if 40% of the funding is paid directly by the industry. The
sixth Iranian Fisheries Development Programme focussing on the further development of sustainable
aquaculture started in April 2017. When successful, aquaculture production will increase from 371.840
tonnes in 2014 to 811.000 tonnes in 2021. During the sixth development plan, the amount of
infrastructure funding for the Fisheries sector, will increase from USD 300 million (year 2014) to USD
530 million (year 2021) of which 60 percent will be allocated to the aquaculture sector.
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3 The 2017 mission in brief

The fact finding and goal establishing mission took place from the 23 to the 29t of September, 2017
in the Islamic Republic of Iran. On Sunday the 24™, the first day of the mission, the delegation visited
the Iranian Fisheries Science Research Organisation (IFSRO) and the Food and Agriculture Organization
(FAO) in Teheran (figure 1). After lunch, on the request of IFSRO, the delegation was split in two groups.
The first group, composed of prof Hans Komen of WUR and the assistant of mr Hans Smolders of the
Netherlands embassy, went on a fact finding mission to assess the status of selective breeding research
in two IFSRO institutes in Iran. The second group, composed of dr Jeroen Kals of WUR, mr Hans
Smolders of the Netherlands embassy and mr Leon Lomans of the Dutch ministry of economic affairs,
went to assess the state of art in fish processing in Iran. Their itineraries are given below:

Groupl: on Monday 25%, the IFSRO National Inland Water Aquaculture Institute Domestic Aquaculture
Research Centre in Anzali (Caspian sea region) was visited in the morning, followed by a visit to the
Centre for the Reproduction of Warm Water Fish (IFO) in the afternoon, and a visit to a private carp
fingerling producer. On return to Tehran, the delegation took an early morning flight on Tuesday 26",
to visit the Domestic Aquaculture Research Centre & Warm Water Fish Research Centre in Ahwaz
(Persian gulf region) and a cooperative carp farm complex near Ahwaz. Return to Teheran in the
evening.

Group 2: On Monday the 25%™, landing sites for anchovy, sardines and lantern fish and the Qeshm Fish
Process Company, a fish meal processing plant processing anchovies, sardines and lantern fish at Qeshm
Island were visited (figure 1). In the evening of the second day the delegation visited the Bandar Abbas
Fish Processing Company, a tuna canning factor, followed by a visit to the Persian Gulf & Aman Sea
Ecological Research Institute in Bandar Abbas where they attended a seminar and met colleagues from
the Hormozgan Fisheries Organisation (figure 2). After flying back to Teheran the delegation travelled
to Bandar Anzali on Tuesday the 26% to visit the Domestic Aquaculture Research Centre & Processing
institute (UNIDO) and the Bandarabas F.P.Co., also a tuna canning factory (figure 3). Return to Teheran
in the evening

On Wednesday the 27t a meeting was arranged with the Deputy Minister and Head of Iranian Fisheries
Organisation, to discuss the challenges and priorities of the aquaculture and fish processing industry
(figure 4) of Iran followed by a genetics workshop and a fish processing workshop (parallel sessions) at
the Iranian Fisheries Science Research Organisation (figure 5). Following valuable concluding discussions
with our Iranian colleagues on Thursday morning the 28™ (figure 5), the following priority areas were
identified for further development.

Breeding:
1. To organize training in animal breeding for IFSRO scientists in Iran
To develop a pilot project, possibly on Nile tilapia, with a focus on zero environmental impact
3. To have a joint PHD project on fish breeding, focussing on one of the new target species for

aquaculture in Iran, such as Caspian trout.

Processing of fish and/or by products of fish:

Increase of the human consumption of the small pelagic species currently used for fishmeal
Increase of the resource use efficiency of tuna by products

Increase of the use of Lantern fish for both fishmeal and human consumption

The development of products using carp as a raw material

PN

Each of these goals are treated separately with a brief introduction and suggested plan of action as part
of the report describing the results of the fact finding and goal establishing mission. As mentioned
earlier, shrimp production in Iran is a minor aquaculture activity compared to fish. During the mission,
it was decided to focus on finfish and shrimp was omitted due to time constraints.
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Figure 1 Visiting our colleagues at the Iranian Fisheries Science Research Organization (IFSRO)
(left), the landing sites and the Qeshm Fish Process Company (right).
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Figure 2 Visiting the Bandar Abbas Fish Processing Company (left) and our colleagues Persian
Gulf & Aman Sea Ecological Research Institute in Bandar Abbas (right).

Figure 3 Visiting the Domestic Aquaculture Research Centre & Processing institute (left) and
the tuna canning factory.

Figure 4 The meeting with the Deputy Minister and Head of Iranian Fisheries Organization,
were the challenges and priorities of the aquaculture and fish processing industry of
Iran were discussed
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Figure 5 The fish processing workshop (left) and a final picture during the closing of the
meeting for writing the draft proposal for the joint research program (right) both at
the Iranian Fisheries Science Research Organization
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4 To organize training in animal
breeding for IFSRO scientists in Iran

4.1 Introduction

Currently the aquaculture industry in Iran relies on a limited number of species, most notably Rainbow
trout, European carp and Chinese carps. While culture of these species is well established, several
problems in the production exist. More importantly the markets for carp species are saturated due to
overproduction and declining demands and export opportunities. For rainbow trout, the largest species
(in USD value) produced in Iran, there is a need for locally executed breeding programs as import of
eyed eggs from foreign breeding companies is no longer allowed. There are several native and exotic
medium to high value species that could be introduced to Iranian aquaculture. These are Caspian brown
trout (in cages in the Caspian sea), Kutum (in ponds and cages), Nile tilapia (in desert areas and
provided they are completely sterile to prevent uncontrolled breeding of escapees), and marine species
such as (Asian) seabass, bream and yellowtail kingfish. The successful introduction of new species and
the upgrading of currently produced trout and carp species by means of selective breeding requires the
input of trained staff from IFSRO institutes.

During the mission, it was established that there is an urgent need for high quality juveniles from
dedicated breeding programs to bring the Iranian aquaculture sector to the next level. However, there
are no breeding programs for any of the species mentioned, which is mainly due to lack of expertise
and knowledge. Training and capacity building in the area of animal breeding and genetics is therefore
urgently needed. Staff of IFSRO is well equipped to provide research and support in aquatic health and
feed issues. However, knowledge and expertise in selective breeding is lacking.

4.2 Plan of action

Wageningen university is a world leader in research and education in animal breeding and genetics
(ABG). The animal breeding and genetics group consists of ~90 tenured staff, post-docs and PhD
students. Annually, some 30-40 MSc students take courses and do thesis research in various fields
within the domain of ABG. ABG organizes and regularly give training courses in design and execution of
breeding programs for professionals working in research organizations and industry. In recent years,
the ABG group has also been developing an open online training course (*MOOC”) on the design of
animal breeding programs. This course is hosted on the freely accessible website EdX.org. In 2018, a
second course will be developed that complements the first, and provides a solid first introduction to
animal breeding and genetics for prospective MSc and PhD students, and professionals working in
industry and research. We propose to organize a training programme that consists of the online courses
and two on-site training courses on breeding program design. Prospective candidates for these courses
should have a plan for, or be involved in, a breeding program. The first course focusses on design of
breeding programs, the second on estimating breeding values.

4.3 Summary

Training of staff in animal breeding is the first step towards a successful upgrading of the Iranian
fingerling production and diversification of aquaculture. Online courses provide an easy to implement
first step towards training in ABG. The two dedicated on-site training courses will provide staff with the
sufficient background to start and implement breeding programs for existing and new species in Iran.
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5 To develop a pilot project on Nile
tilapia, with a focus on zero
environmental impact

5.1 Introduction

Nile tilapia is currently in value the most important freshwater fish cultured worldwide. Annual
production was 3.6 million tonnes in 2015 and is expected to double by 2030 (Worldbank report: “FISH
TO 2030: Prospects for Fisheries and Aquaculture). Culture of tilapia is feasible in different areas in Iran,
but is currently not allowed due to environmental restrictions. However, carp farmers in Ahwaz
expressed a clear desire to change production to Nile tilapia if it would be allowed. Feral redbelly tilapia
(Tilapia zillii, now classified as Coptodon Zillii) is regarded as an invasive pest species. However, tilapia
from the genus Oreochromis (O. aureus) are considered native to the middle east region.

The concern is that Nile tilapia, if introduced, will also become a pest, replacing native, endemic cyprinid
species from their natural habitat (as is happening in China). Currently there is only one operation in
Iran that is allowed to culture tilapia for experimental reasons which is the National Research Centre for
Saline Aquatics, at Bafgh, Yazd Province.

5.2 Plan of action

Dutch aquaculture industry is well known for their expertise in design and building fresh water
recirculating aquaculture systems (RAS). Several companies offer these services to clients worldwide.
Next to this, one company (TilAqua) specializes in breeding all male tilapia fry for export to countries
and companies where restrictions on hormone use (to produce monosex fry) are enforced. We propose
that an industry mission will be organized in 2018 to: 1) assess grow out conditions and strain suitability
in Ahwaz (or another region, to be discussed with IFSRO); 2); explore development of a 100%
guaranteed technology to produce all-male tilapia in a joint venture setting, and 3) explore possibilities
for an integrated pond-RAS system with zero effluent. The second step is the development of a pilot
project to design a simple robust breeding program for all-male fry production. Based on outcomes of
industry mission and the pilot, a public-private partnership can be developed where Dutch companies
that offer RAS technology, are invited to participate.

5.3 Summary

Tilapia is a high potential species for the further development of aquaculture in Iran. However, culture
can only be initiated if tilapia can be prevented from escaping and are 100% guaranteed male. The
proposed industry mission will explore the potential for tilapia culture in combination with RAS and all
male technology. The pilot will focus on the development of technology that guarantees 100 % male
production of fry.
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6 Development of a breeding program,
focussing on one of the new target
species for aquaculture in Iran.

6.1 Introduction

The Islamic republic of Iran is investigating the expansion of Aquaculture through the adoption of new
species and new culture systems. One area of particular interest is the Caspian sea, with possibilities
for cage culture. During the visit of the breeding delegation in Anzali, discussions were held around the
suitability of two new species for cage culture in the Caspian sea: Caspian brown trout, and Kutum (an
endemic cyprinid). Both species are endemic to the Caspian sea region and highly valued. However,
culture technology for Kutum is not yet fully developed while for Caspian brown trout it is. Recently
IFSRI imported brood stock of brown trout from Azerbaijan to start experiments with brown trout cage
culture. The institute has some facilities for genetic analysis to assess e.g. genetic diversity. However,
there are no plans for a breeding program as no expertise is available.

6.2 Plan of action

Capacity building is an important priority area for IFSRO institutes (pers. Comm., director of IFSRO). As
part of a joint program between Wageningen university and IFSRO, we propose to develop a Caspian
brown trout breeding program. This project will have two objectives - 1) capacity building by training
high potential staff member(s) in animal breeding, and 2) design and implementation of a breeding
program for Caspian brown trout. The design of a breeding program requires estimation of genetic
parameters for traits of interest, e.g. growth rate and fillet quality through an experiment, and DNA
analysis to develop markers that can be used to assess genetic diversity and in genomic selection
approaches. Staff members will receive training in these expertise area’s and execute the breeding
program in Iran, under joint supervision. Results will be published in internationally renowned journals
as well as Iranian scientific publications and outreach documents.

6.3 Summary

Caspian trout is a very important and high potential species for Iranian aquaculture in the Caspian sea
region. Development of joint PhD project is proposed as a way to kick start a unique breeding program
for this species. The project will not only train staff in animal breeding but also serve as anchor point
for further initiatives on conservation of biodiversity in this rare and endangered species, and the
development of a long-term viable cage culture industry for this species.
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7 Increase the human consumption of
the small pelagic species

7.1 Introduction

In Iran currently most of the 100.000 ton of the small pelagic species caught (e.g. anchovy, sardine,
kilka, figure 6) are used for the production of fishmeal. For example from kilka only 10% of the catch is
used for human consumption, the rest is processed into fish meal. However, as the small pelagic species
have a high nutritional value, also for humans (e.g. proteins and essential fatty acids), it is more efficient
to use them for direct human consumption as you gain approximately a factor four by going down in
trophic level. In addition, the Iranian government wants to stimulate the fish consumption in Iran as
the average yearly consumption per capita is 11 kg, which is almost half the global average.

During the fact finding and goal establishing mission a plan was made in consultation with our Iranian
colleagues to increase the human consumption of the small pelagic species from the Gulf of Oman in
the south (anchovy and sardines) and the Caspian Sea in the north (kilka).

Figure 6  Anchovies (left), sardines (middle) and kilka (right).

7.2 Plan of action

To increase the human consumption of anchovy, kilka and sardines in Iran it is necessary to be able to
distribute the products over the whole country and thus increase the availability of products with an
acceptable shelve life. The latter requires high quality raw material (cooled with ice or fast frozen) and
proper processing of the raw material into products the people are willing to buy and pay for. Many
different products made from small pelagic species are already on the market elsewhere in the world
(e.g. frozen whole, canned whole, canned filleted, canned and smoked, canned with sauce, with olives,
marinated, dried, fried, salted, fish sauce, anchovy paste etc.). We therefore suggest to investigate
which of the available products made from small pelagic species already on the market elsewhere in the
world would the Iranian people (repeatedly) buy and eat. This can be done using consumer research
e.g. studying consumer preference and the use of direct market tests to evaluate and screen the
different products to learn how consumers and retailers react to handling, using and repurchasing the
different products to finally forecast future sales of the products and market potential of the products
tested in the distribution territory of Iran. Products with sufficient market potential must be produced
and commercialized together with or by the private sector. The knowledge needed to produce and
commercialize the specific products needs to be implemented by learning or for example a joint venture
with a company already selling such products elsewhere.
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7.3 Summary

1. Making an inventory of available products
2. Investigate which of these products the Iranian people accept, (repeatedly) buy and eat
3. The most preferred products with sufficient market potential can be produced using Iranian

pelagic species and commercialized in cooperation with or by the private sector
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8 Increase of the resource use
efficiency (RUE) of tuna by products

8.1 Introduction

Currently, most of the tuna by products (head, tail, skin and carcasses) are heat treated and fed to
either cow of poultry. The available amount is estimated to be approximately 80000 tons. It is suggested
to preserve the tuna by products for aquaculture purposes. The added value of feeding tuna by products
to cow is limited as the essential fatty acids (EPA and DHA) are broken down by the rumen fermentation.
This is not the case in poultry, were feeding of tuna by products can enrich eggs and meat with essential
fatty acids (EFA). However, the use of alternative ingredients in feeds for aquaculture is more of a
challenge than in feeds for poultry. A more technological approach for the processing of tuna by-products
to increase added value could be to investigate the possibilities for the production of fish oil and a protein
based product (e.g. fishmeal or fish hydrolysate).

During the fact finding mission a plan was made in consultation with our Iranian colleagues to increase
the resource use efficiency (RUE) of tuna by products.

Figure 7  Some impressions of the tuna by products available from the tuna canning industry.

8.2 Plan of action

Important for both the quality of the tuna products as the quality of the tuna by-products is to stimulate
proper handling on board (e.g. fast freezing). Proper handling will improve the quality of the raw
material. To gain insight of the composition and quality of the tuna by products it is suggested to analyse
the proximate composition and evaluate the quality of the oil. The latter can be done by extracting the
oil on lab scale, preferably using high speed centrifugation, and analyse the fatty acid profile, the free
fatty acids, peroxide value, anisidine value and trace elements (e.g. cupper and iron)). If the quantity
and quality of the extracted oil obtained from the tuna by products is promising the next step could be
building a basic pilot installation for the recovery of the oil and the separation of proteins. At first the
focus will be the recovery of oil. Later, one can also focus on the protein fraction and evaluate if the
protein fraction can be used for the production of fishmeal or a protein hydrolysate.

8.3 Summary

1. Stimulate proper handling on board

2. Proximate composition of by products

3. Lab scale oil extraction from tuna by products
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Evaluate oil quality

If oil quantity and quality is promising than there is a Go, otherwise a No Go

Building a pilot installation for oil recovery and the separation of proteins

Optimization of production process

Refining of extracted tuna oil

Processing of proteins (fishmeal or fish protein hydrolysate possibly containing bioactive peptides)
10.  When choosing for a hydrolysate one can start with lab scale experiments and progress when
promising by building a pilot hydrolysation plant.

LN G s
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9 Increase of the use of lantern fish for
both fishmeal and human
consumption

9.1 Introduction

According to the data presented the maximum sustainable yield (MSY) of lantern fish is much higher
than the current catch, which is about 15 kton a year. The goal of the Iranian government is to increase
lantern fish landings to 100 kton in the next five years. Currently, lantern fish is only used for the
production of fishmeal. However, the goal of the Iranian government is to allocate or use 50% of the
landings for human consumption.

Figure 8 Lantern fish (left), fish oil (middle) and fish meal (right) from lantern fish.

9.2 Plan of action

As lantern fish is frozen on board it is expected that the quality of the raw material is sufficient for
further processing. Though, it is necessary to evaluate if the raw material is suitable for making products
appropriate for human consumption. It is suggested to investigate possibilities to separate the oil,
protein and bone fraction for example by using the isoelectric precipitation and solubilisation technology
with the focus to produce a functional fish protein isolate. From the half fabricates (fish protein isolate,
oil and bones), especially the functional fish protein isolate, nutritious products need to be developed
that people are (repeatedly) willing to buy and pay for.

Currently, lantern fish is only used for the production of fishmeal. To check the possibility to add value
toward this process one can screen the sticky water from the fishmeal production plant for the presence
of bioactive peptides.

9.3 Summary

1. Evaluate if lantern fish is suitable for making products appropriate for human consumption. Yes
means a Go, no means a No Go

2. Development and production of half fabricates and products from lantern fish that people are
willing to buy and pay for

3. Commercialisation of developed products by or together with the private sector
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10 By products of carp

10.1 Introduction

Currently, there is overproduction of carp in Iran, which caused a price drop of carp with the result that
farmers are getting into financial problems. The Iranian government is looking for solutions to solve this
problem. One of the suggested solutions is to develop anomalous products e.g. meat analogous by using
carp (meat) and increase demand.

10.2 Plan of action

Investigate the possibilities of using carp (meat) for the production of fish products and or meat
analogous to stimulate the demand for carp, which might help to solve the problem of overproduction.
For this challenge we refer to the Silver carp project which was running from 2002 to 2006 in cooperation
with Iran (Bartels and Kals, 2004; Bartels and Kals, 2007). It is expected that carp meat can serve as
a raw material for the products developed during the Silver carp project. If so, the results from that
Silver carp project can be used for the development of fish products from carp. In addition, the skin and
bones from carp could be used for the extraction of collagen/gelatin. Collagen/gelatin could be
interesting products for example in cosmetics. Naturally, as stated earlier, it is wise to study consumer
preference and use market tests to screen the products to forecast future sales and market potential in
Iran. Only products with sufficient market potential should be produced and commercialized together
with or by the private sector.

Figure 9 Mince from fresh water bream (left), a meat analogue (middle) and fish “cheese” (right).

10.3 Summary

1. Implement the knowledge gained during the Silver carp project using carp (meat)
2. Investigate which products the Iranian people accept, (repeatedly) buy and eat
3. Products with sufficient market potential can be produced and commercialized in cooperation with

or by the private sector.
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11  Follow up field visit and workshop,
June 8-13, 2019

Based on the above recommendations, and as a follow up on the 2017 mission, we proposed to have a
seminar and an industry mission to Iran to further explore possibilities for business to business
development. Two topics were selected from the 2017 shortlist: item 5) Tilapia breeding programs for
brackish water aquaculture in RAS, and item 9) processing of lantern fish. Following consultation with
representatives of IFSRI, it was also decided to organize a workshop in Tehran for industry
representatives. The mission and workshop took place in June 8-13, 2019. Participants were: dr. Hans
Smolders, agricultural attaché, Netherlands embassy, dr. Leon Lomans, ministry of LNV, Netherlands,
dr. Jeroen Kals, researcher seafood, aquaculture and fish nutrition Wageningen University, and prof.
Hans Komen, Animal breeding and genomics group, Wageningen University.

11.1  Tilapia farming

The mission started in Shiraz with visits to a trout farm and hatchery, and a sturgeon farm. This was
followed by a visit the next day to the Bafgh Research Center of Saline Water Aquatics in Yazd province,
where tilapia is cultured in brackish water conditions. In 2018, Iran was the fourth biggest importer of
tilapia, importing more than 60.000 tonnes of tilapia from China. The Iranian government subsequently
imposed restrictions on imports, in an effort to protect and boosting domestic aquaculture production.
In 2018, the total production of tilapia was still limited to 2000 tons by only two farms in Iran. Based
on the positive research outcomes, and the Bafgh centre developing into a fry farm to serve the
aquaculture industry, the Iran Department of Environment issued permission for tilapia cultivation to
three more provinces, including South Koresan, Semnan and Qom. As these provinces have similar
conditions like Yazd, these areas are considered safe to produce. The enthusiasm among aquaculture
farmers is high. Since 2018, more than 32 farms successfully received permission to cultivate tilapia in
the four provinces. It is planned to produce 50.000 tons of tilapia by 2023. Meanwhile, import is
continuing on a 35% import tariff based on local demand. The research center in Bafgh is spearheading
research on the practical implementation of tilapia aquaculture. The centre is also responsible for
providing fish farms with tilapia fingerlings. In 2018, and early 2019 demand was larger than supply,
and the director of the centre expressed strong concerns regarding the fingerling producing capacities.

§
[ |

Figure 10 Visit to Bafgh research center.
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Low night-time temperatures are a constraint to farming tilapias and other warm water species in much
of Iran, though this might also mitigate against escapees surviving. Even in the desert areas where
daytime temperatures can go to 50 C° or above, the minima can be as low as -10 C°. At Bafgh, a
greenhouse pond system is used that pumps up brackish groundwater (15ppt; about 24 C°) which
allows for an 8-month growing season, or perhaps year-round with further development, and puts out
very little effluent. This also effectively prevents fish from escaping. Dutch aquaculture industry is well
known for their expertise in design and building recirculating aquaculture systems (RAS). Several
companies offer these services to clients worldwide. Unfortunately, due to the economic sanctions, none
of these companies were able to join the current mission. In addition, one company (TilAqua) that
specializes in breeding all male tilapia fry for export is currently in the process of being taken over by a
larger breeding company with vested US interests. The mission therefore focussed on the development
of a pilot project to design a simple robust breeding program for brackish water tilapia production.
Ideally, and when the economic sanctions are lifted, a public-private partnership should be developed
where Dutch companies that offer RAS technology, are invited to participate.

Following the visit to Bafgh, a short debriefing meeting took place with the deputy governor and the
director of AREEO, of Yazd province. During that meeting, the deputy director expressed his support for
a collaborative program on sustainable aquaculture. It was agreed that Wageningen and IFSRO would
look into possibilities for future collaboration.

11.2  Seminar and workshops June 12th

The Seminar Programme, entitled “"Netherlands - Iran seminar on sustainable aquaculture” took place
on Wednesday 12th of June, 2019, at the Conference Hall of AREEO, Teheran. The complete program is
given in appendix 1. The workshop was officially opened by the head of IFSRO. The plenary session was
entitled: “Developments in sustainable aquaculture from Iran and global perspective”, with contributions
from mr. Leon Lomans (minLNV): Development of fish cultivation from global and European perspective,
IFO: Policies on sustainable aquaculture development in Iran, and the Fisheries Union, chamber of
commerce: Iran Fisheries Overview.

The opening session was followed by a series of 6 parallel workshops on breeding programs (seabass &
tilapia; Komen), fish processing and value chain (Kals), EU trade and ASC/MSC certification (van
Daetselaar), consumer preferences (mrs. Gemma Tacken, WUR) and sea trade intelligence platforms
(STIP; Sander Visch). The seminar was followed by a debriefing meeting organized by the Dutch
embassy with the director and members of IFPRO, where follow up actions were discussed.

The session on aquaculture was very well attended with over 40 participants. Questions from audience
focussed on practical and technical issues related to production and reproduction of Asian seabass and
bream in the Persian gulf,) and cost effectiveness of using RAS technology in Iran. A larger part of the
discussion centred on the prospects of tilapia farming in Iran. A main emerging theme in these
discussions was the availability of good quality fry for basically all aquaculture species, and the
continuing dependence on imports of eggs and fry from other countries. Breeding programs were seen
as a solution but adoption is difficult due to lack of training in basic concepts of animal breeding. The
presentations given on the workshop of breeding programs are attached in appendix 4.
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The session on fish processing and value chain
as the session on consumer preferences were
well attended. People were standing as all
chairs were occupied. Interesting was that the
major part of the participants were women.
During the processing session the results of
the fact finding mission of 2017, especially the
topics identified during the mission and the
corresponding plans of actions, which are
described in chapter seven to ten of this
report, were briefly discussed. In addition,
seven topics (Figure 11) were presented in the
order preferred by the participants. The topics
related to the production fish hydrolysates,
bioactive peptides and meat analogues
initiated the most discussion also thanks to the
presence a research colleague from the Animal
Science Research Institute of Iran (ASRI) who
himself  published research on the
developments of products e.g. meat
analogues from Lantern fish. Participants were
also interested in techniques for modifying
texture, bite, mouthfeel and using emulsion
technology to produce oil enriched fish
products. The presentations given during the
processing workshop are attached in appendix
2.

The session on consumer preference
given by Gemma Tacken focused on the
results of the European project Diversify;
“perspectives for selling to the European fish
market”. Topics discussed were market
analysis, new product development, consumer
perceptions and behavioural change,
consumer communication and business model

Topics presented during the workshop

. The fact finding mission in brief
. Research topics identified during mission
. Production of fish oil without functional protein
. Production of fish protein hydrolysate
. Bioactive peptides
Production of fish oil and functional protein
. Mince method/meat analogues
. pH shift method
Business case FM & FO Lantern fish

WAGENINGEN
UNIVERS

ERSITY & RESEARCH

Figure 11 The topics presented and discussed
during the processing workshop.

Market analysis

All species
(consumer and b-to-b) P

New product Greater amberjack
Development Meagre
(incl sensory test) Grey mullet

Pikeperch
Greater amberjack
Meagre Business models
Grey mullet

Grey mullet
Greater amberjack

Greater amberjack

Pikeperch

(:)w" o

Figure 12 The funnelling approach used in the
project Diversify.

and market development strategies. The approach of Diversify is shown in figure 12. The presentation

given is attached in appendix 5 of this report.
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Figure 13: Poster of the International workshop on sustainable aquaculture and Certificate of
attendance.

At the end of the conference the Tilapia and Lantern fish project were mentioned as the two main
priorities for Join Research and Pilot Projects (slide: “Future plans to have Joint projects”, projected on
the back of the group picture, figure 14). During the final debriefing after the conference, the various
options for continued collaboration were discussed. Prof Komen again emphasized the availability of
grants for the European master program EMABG, where students can receive training in Animal
breeding and Genetics, and the director of IFSRO agreed to advertise this possibility among the
Iranian universities. PhD training outside Iran was not considered an option for capacity building as
there is no guarantee that candidates will return to Iran after they have received their doctoral
degree. The possibility for Iranians to follow an open online course on animal breeding through
EdX.org is currently blocked by the US government.

Wageningen university and research is currently not in favour of deploying staff for training courses in
Iran, and financial instruments that allow remuneration of WUR staff are lacking.

In a final meeting with representatives from the Bafgh station, and the director of IFSRO, a follow up
project on tilapia farming, focussing on breeding and use of RAS technology, was discussed.

The Lantern fish project was discussed with the director of IFSRO and two IFSRO research colleagues.
IFSRO was determined to start with the project as soon as possible. Yet, the major bottleneck to start
the project appeared to be the restrained position of the private sector due to the economic sanctions.
Dr. Kals emphasized that the intended production of fish meal (protein) and fish oil (essential fatty
acids) from Lantern fish could support the growth of an Iranian tilapia culture industry up to a
production of 150.000 ton year, making Iran self-sufficient on fish meal and fish oil for their tilapia
culture plans, assuming the non-marine feed ingredients are readily available.
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All participants agreed that there were good prospects for a commercially successful follow up
program. Such a plan will need funding from the Iranian counterpart for Iranian activities, and from
NL parties that would support the technical input from Dutch experts.

In conclusion, the seminar was very successful and attracted over 150 attendants equally from private
industry and from research organisations, and was very positively reviewed. There were sometimes
lively debates, and there was a lot of interaction among the participants themselves. All participants

received a certificate of attendance. The list of participants is not part of the appendix due to privacy
reasons.
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12 Conclusions

The persons involved in the mission have the opinion that the Islamic Republic of Iran has great potential
to increase aquaculture production/products in Iran through the development of breeding programs for
new and existing species. There are also many opportunities to increase the added value and resource
use efficiency of by-products of fish processing and the use of underutilised fish species. The findings
outlined in this report together provide a good overview of the possibilities for joint cooperative projects
on the priority areas in the coming years. Species with high potential/perspectives for further
development of the Iranian aquaculture sector are tilapia and marine species like shrimp and seabass.
For processing, the increase of the human consumption of small pelagic species, resource use efficiency
of tuna by products and the top priority the increase of the use of lantern fish for both fishmeal and
human consumption are very promising. Of which the latter goes hand in hand with boosting sustainable
aquaculture and create win-win situations in the Iranian fish value chain.

Yet, the execution of the plans of action for joint research and cooperation has to be made concrete by
the involvement of both IFSRO, AREEO and the private sector. The involvement of IFSRO is crucial for
capacity building, especially with regard to animal breeding. The private sector, with support from
AREEO is crucial for funding, production and commercialisation of the products developed. Below we
give a short summary of the current state of affairs at the time of finalizing this report (end 2019).

Training: Currently the only training instrument available is the EMABG master program in animal
breeding. Grants are available on a competitive basis and Universities will be more actively informed
and stimulated to encourage high potentials to apply. Online training courses are currently not available
as the hosting platform EdX is controlled by the US government. PhD training is currently not favoured
by the Iranian government due to the low return rate of graduates (brain drain).

Caspian trout: an Iranian PhD student has been working on this species, but without support from Dutch
knowledge institutes other that an occasional answering of email with detailed technical questions.

Seabass: no further action will be taken. Import of fry from Australia will continue as they are the only
supplier. A Dutch farm in Singapore is currently starting a breeding program, but has no immediate
interest to expand its activities to Iran.

Tilapia: due to an emerging strong demand for locally produced tilapia, and the availability of large areas
for brackish water aquaculture, there appears to be a match for IR-NL joint programs on this species. A
Dutch feed company, currently active in the Iranian poultry market, has the resources and knowhow to
set up a feed supply for tilapia in case the tilapia industry develops into a commercially viable
proposition. Tilapia farming in desert areas that have become unsuitable to other types of farming due
to climate change and overexploitation of fresh water resources, could provide new income and labour
opportunities for poor areas with high unemployment rates, especially under young people, as well as
cheap and nutritious food for vulnerable households, pregnant women and children. The aim is to
continue to explore funding opportunities that could support a public-private technical program devoted
to the development of tilapia farming.

Lantern fish: In Autumn 2018 dr. Kals was invited by IFSRO to write a quotation for the joint research
project: "Improvement of the fish value chain in Iran: value creation in fish and fish products"”, which
was based on the results of the fact finding mission in 2017 and research priorities given by Iran
(appendix 3). During a Skype meeting in February 2019 with the director of IFSRO, IFSRO research
colleagues , dr. Hans Smolders the Dutch agricultural attaché, dr. Kals and WUR research colleagues it
was decided for the processing part to focus on the processing of Lantern fish. A new proposal:
“Improvement of the fish value chain in Iran: Increase of the use of lantern fish for both fishmeal and
human consumption phase 1”, was written and discussed with IFSRO during our meeting at AREEO,
Teheran in June. IFSRO was determined to start with the project as soon as possible.

Win-win tilapia culture and Lantern fish (appendix 6): Interesting is the potential connection between
the Lantern fish project and the development of a large scale tilapia industry in Iran. The goal of Iran is
to produce 50.000 tons of tilapia per year by 2023. For Lantern fish the goal of Iran is to increase the
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landings of Lantern fish to 100 kton per year of which 50% will be allocated for the production of fishmeal
and fish oil. This will make Iran self-sufficient on fish meal and fish oil up to a yearly tilapia production
of 150.000 tons, three times the currents ambition, assuming the non-marine feed ingredients are
available.

However, at the time of writing this report, the economic sanctions imposed on Iran by the US
government, are still in force. As a result, Dutch industry partners in aquaculture technologies (RAS)
are not willing to invest time and effort in exploring business opportunities. Business is further frustrated
by sanctions imposed by banks that have vested interests in the US, and lack of alternative payment
instruments. As a result, very little economic activity can be employed at the moment. The sanctions
are also having a large economic toll on the Iranian government, which makes it very difficult for them
to engage in large co-financed projects with WUR. Despite these current setbacks, we strongly believe
that Dutch aquaculture and processing industry in a PP setting with e.g. WUR can play an important role
in future development of the Iranian fish value chain for both wild and farmed fish.
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Figure 14 A group picture of the seminar attendants.
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Appendix 1 Workshop program Tehran
12 June 2019

Seminar Programme

Wednesday 12" of June, 2019

Venue: Conference Hall AREEO, address: Yemen Blvd, Velenjak, Teheran

Morning Session (Fajr Hall)

Time Programme & theme Speakers

8:30-9:00 | Registration

9:00-9:20 | Welcome and Opening e Head of IFSRI, Dr. Pourkazemi (10 min)

e Agricultural Counselor, the Netherlands Embassy,
Mr. Hans Smolders (10 min)

e Moderator: Prof Valinassab

9:20- 9:30 | Video on sustainable fish

production
9:30 - Developments in e Leon Lomans or Prof Hans Komen, Wageningen
11:00 sustainable aquaculture University & Research: Development of fish
from Iran and global cultivation from global and European perspective
perspective (20 min)

e Dr. Abdolhai (IFO): Policies on sustainable
aquaculture development in Iran (20 min)

e Dr. Khodaei (Fisheries Union, chamber of
commerce): Iran Fisheries Overview (20 min)

11:00- Coffee/ tea Break

11:30
Parallel Workshop - Morning Sessions
Time Fish breeding Domestic and export Fish processing and
market consumer preferences
11:30- Fajr Hall Andisheh Hall Danesh Hall
13:00 Workshop 1: Workshop 2: How to Workshop 3: Improvement
Seabream/Seabass obtain accreditation for of the fish value chain;
breeding systems export to EU like ASCand | product innovation & value
msc” creation in fish and fish by
Key speaker: Prof Hans products.
Komen Key speaker: Roy van Key speaker: Dr. Jeroen Kals
Moderator: Prof Daatselaar TBD (Skype) Moderator: Dr. Moradi
Pourkazemi (IFSRI) Moderator: Dr. Golshahi
13:00- | Lunch & matchmaking Boots or tables available for presentation/brochures
14:30

Parallel Workshop — Afternoon Sessions
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14:30-
16:00

Workshop 4: Tilapia
breeding systems

Key speaker: Prof Hans
Komen

Moderator: Prof
Pourkazmi (IFSRI)

Workshop 5: Sea trade
Intelligence Platform
(STIP), a member based
system for export
Speaker: : Sander Visch
(skype

Moderator: Mr. Heraji
(private sector)

Workshop 6: Fish
consumer preferences

Key speaker: Dr Gemma
Tacken (skype)

Moderator: Dr. Moradi

16:00-
16:15

Coffee/ tea Break

16:15-
17:00

Feedback from workshops and matchmaking
Moderator: Hans Smolders, Netherlands Embassy

17:00-
17:15

Closing Ceremony
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Appendix 2: Presentations processing
workshop
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Improvement of the fish value chain in Iran;
product innovation & value creation in fish and
fish products

Results of the fact finding and goal establishing mission to
the Islamic Republic of Iran

June 2019, Jeroen Kals

WAGENINGEN

¥ & REGEARCH

Topics for the workshop

Introduction

The fact finding mission in brief

Research topics identified during mission
Production of fish oil without functional protein
Production of fish protein hydrolysate
Bioactive peptides
Production of fish oil and functional protein
Mince method/meat analogues
pH shift method

Business case FM & FO Lantern fish

WAGEMNINGEN
UNIVERSITY & R

& RESEARCH
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Topics for the workshop

Are there shared preferences for the order of
topics? For example first topic D, E, and F followed
by topic A, B and C?

Jlie ol gie 4 02 500 3 g g o guin el 5l e S il Slaa 5 U
¢ page gD sE SF £ page Jui A B C T

Or will I present the topics in the suggested order?

Jeroen Kals

Study
@ Aquaculture, fish nutrition & fish processing

Expertise/Work
# Processing of aquatic by products
& Aquaculture & Fish nutrition (PhD)
& Testing additives/ingradients
& Development of tailor made feeds
& Training /background

Slogan & USP
@ Using nature and technology to find a solution
& Ingredients processing nutritional value

! WAGENINGEN
! Tt

UNNVERSITY 6 HESCABCH
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Introduction/background

" In Iran indicates the wish to
diversify the economy and become less
dependent on the oil industry

u including
is a top priority that needs to be improved by
increasing the productivity of the agricultural,
aquacutture and fisheries sector

® Achieved by:
a more efficient aquacuiture industry

processing of fish and by products of fish
to high-quality products

WAGEMIMNGEN

UNNMERSITY & AESEARCH

The fact finding mission in brief

mm'f [y —

L e

Meetlng at IFSRO Qeshm Fish Process Meeting with the
Company Deputy Minister

. i
Processing workshop Tuna cannery closing of the meeting
WAGENINGEN | \

UNIVERSITY & RESEARCH

8

38 | Wageningen Livestock Research Report 1219



Research topics identified during mission_

f

For fish processing four objectives are identified:

Increase human consumption of small pelagic
species (anchovy, kilka, sardines}

Increase resource use efficiency of tuna by
products

Increase the use of lantemn fisk for both
fishmeal and human consumption

Development of products using carp as a raw
material

For each goal a brief introduction and
suggested plan of action is described

Increase human ccnsumption of small pelagic
species

® Catch 100 kton.y 1 ¢ ' used for human consumption

B Pelagics high nutritional value

® Direct human consumption => increase in efficiency of factor
4 by going down in trophic level

Anchovies {lert
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Increase human censumption of small pelagic
species

High guality raw material
Proper processing raw material into products
Making an inventory of available products

Investigate which of these products the Iranian
people accept, (repeatedly) buy and eat

Most preferred products with sufficient market
potential can be produced using Iranian pelagic
species and commercialized in cooperation with or
by the private sector

WAGEMINGEMN

UNMVERSITY & AESEARCH

Increase resource use efficiency tuna
by products

® Tuna by products + 80 k
® Currently heat treated and fed to cow or poultry
® {se in aqua feeds

® Suggestion: investigate production of tuna
oil and protein (fish meal or hydrolysate).

i

Impression or una Dy rDGLIIﬁ[q avaliaDle Troim Tne Tuna caning
=

dustry

—

WARAGEMINGEMN
UNNWERSITY &

TF & RESEARCH
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Increase resource use efficiency of tuna
by products

Stimulate proper handling on board

Lab scale oil extraction and quality evaluation
Qil quantity & quality promising than Go

Pilot installation for recovery of oil and proteins
Optimization of production process

Refining of extracted tuna oil .
Processing of proteins (tuna meal or hydrolysate) H
, i

WAGENINGEN ‘ L_A

UNMERSITY & RESEAR

Increase use of lantern fish for both fishmeal and
human consumpticn

® Jranian data: MSY lantern fish = current catch (15 kton.y 1)
B Goal: increase landings to 100 kion.yv ! next

® Aflocation: 50% fishmeal and 50% human consumption

Lantemn fish (left), fish oil (middie) and fish meal (right) from lants

— I .
WAGENINGEM | FIE-I"I

UNMERSITY & AESEARCH
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Increase use of lantern fish for both fishmeal and
human consumpticn

Lantern fish is frozen on board quality raw
material sufficient for further processing

Evaluate if lantern fish is suitable for making
products for human consumption. If yes a Go

Development & production half fabricates and
products

Commeercialisation of developed products by or
together with the private sector

Increase use of lantern fish for both fishmeal and
human consumpticn

Lantern fish is frozen on board quality raw
material sufficient for further processing

Evaluate if lantern fish is suitable for making
products for human consumption. If yes a Go

Development & production half fabricates and
products

Commeercialisation of developed preducts by or
together with the private sector

42 | Wageningen Livestock Research Report 1219




Using carp (meat) for production of meat
analogcus to stimulate demand for carp

Implement knowledge from Silver carp project

Investigate which products Iranian people accept,
(repeatedly) buy and eat

Products with market potential commercialized in
cooperation with or by the private sector

<, ik

Mince from fresh water bream (left), a meat analogue
imiddle) and fish “"cheeze” (nght).

Fredil . £
| WAGENIMNGEN | 1mmmm¢w«qﬂimm-ﬂmmm"
n | | : g
LRI & NERARE |

mmmwmlmmmmu—ﬂ
ErlriF Eai L

Wigeains : dgribch w:wmmM|W lq-nlm-mﬂ ez Brrrn
RS T E

Recent priority Islamic Republic of Iran

® Increase use of lantern fish for both fishmeal, fish oil
and human consumption

® First stepwise
Evaluation guality &
Small scale production of raw fish oil from lantern fish
Improve guality oil by hygienic and/or logistic measures
Refining raw fish oil

Small scale production of protein of significant quality in
terms of nutritional value and/or technical functionality

Production of oil and protein on pilot scale

W':'|E E MINGEM
LKMNAEF ¥ & AESEARCH
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Increase use of lantern fish for both fishmeal and
human consumptiocn part II

" After on February 12th

Analyses current raw material
Production fish oil on Iaboratory scale
Quality assessment of the product

Production functional protein and fish oil on
|aboratory scale

Quality assessment of product
Production of representative samples

Potential added value using lantern fish

Production of fish oil without production
functional protein

B State-of-the-art fish oil production: input of
fresh fish and cutput of fish oil and denatured
protein meal {fish meal) or fish hydrolysate

® Technology offered by commercial parties. The
options for lantern fish will be assessad by
the 3 steps:

Approaching technology providers

Production of raw fish oil samples on
laboratory scale

Quality assessment of the product

| WAGENINGEM

UNNEASITY & NESEARCH

44 | Wageningen Livestock Research Report 1219




Production of fish oil without functicnal
protein production

! WAGEMIMGEMN

UNNWVERSITY & RESEARCH

Flow diagram
fishmeal

production
line e i —

Cookat
Kinghg“ Fichmeal Prass Liguld
Machinery Co.

e V|

|

!

Wasin Vaps J

Tricanber Ligud

sudmhr['—'—-"'j [T I
’ il i ng Shave

l

Grindar

Evaporasor :

Iﬁacklng Maching .
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— ! WAGENINGEM
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Fishmeal production line

AGENINGEN Co. http.,.l’fmmr.fhhmea'—p[a nt.com

23
NIVERTITY & ACBEARCH

Literature: oil from lantern fis|®®

£ Sel. Food Agric. 1981, A2, 61-T0

Fishmeal and-Oil from Eantern Fish (Myctophidac)
with Special Emphasis dn Protein Quality

A Haquel 1. F-cllcrsen, T. Larstn and I. Clpul\rndt

'\Hﬁm Mevring nr{mmammm JJman- .ﬂ?ﬂ}}mﬁm Bergen, Mptuu-
{Mmhmﬁrfd‘ﬂ'”ﬂ'n’m}

Jomrmal of ew Srvwnrs
Cgpnmiper € ‘ﬂrJthﬂfthnun :ﬁnnj
ox : 103830 how arl FLIN

Lipid and i:atty Acids of Three Edible Myctophids,
Diaphus watasei, Dmphus subarbnafrs, and
_ Benthosema pterotum: High Levels of

Icosapentaenoic and Docosghexaenoic Acids '

Kok Koizwmi ' : Selehl Hiratsuka® and Hiroaki:Salto* H
A RS it Farat Srmiics FIMMM i me P T A, ag
: AR MRS 15T FAMIT
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Ex. Comp. protein & oil from lantern fish
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Production of fish protein hydrolysate

® Hvdrolysis: breakdown of protein into
smaller units

peptides and amino acids

® Fnzymeatic hydrolysis of proteins is a way to
modify the properties of proteins

Solubility
Viscosity
MNutritional value

Increase applicability

Taste, especially flavor

! WAGENIMGEN
L UNMWEASITY & ACSCAACH

Protein hydrolysis

® Important process parameters
Type of enzyme

Ratio enzyme - substrate
Temperature

pH

Duration of hydrolysis
Degree of hydrolysis

" Difficulties
Type of enzyme, endo- or exopeptidase

Taste especially bittermess due to
hydrophobic amino-acids (bitter peptides)

Process optimization

! WAGENMNIMNGEMN
[ UNNMVERSITY & RESEARCH
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Proteins hydrolysis and bitterness

[ (endo-protease) : o9

)
()

Proteins (Bitter) peptides

¢ (exo-peptidaze) "-
o9

(Bitter) peptides Feptides & free amino-acids

() Hydrophobic AA, less bitter
| WAGENIMGEM acticn sites o

UNNVERSITY & RESEAACH

Exampie using herring

in a two step process
e Concur bitterness

e High DH is possible

e Parameters (table)

Optimam Tim °C Max % DH

Protamex 10-20
Flavourzyme A7, ~60

! WAGENINGEN

UNNVERSITY & RESEAACH
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Exampie using herring

Fermernior
Protein phase from oil production 1 k Hest (T = 55 °C}
Tap water 1 kg :
MalH until pH reach 75
Protamex 3 AU

! WAGENINGEN
[

UNNVERSITY & RESEARCH

Exampie using herring

rermentor Evaporator

W

Protein hydrolysate from step 1

Adjuzst pH to 6.5 Heat (T 50 °C)

Adjust pH to neutral . .
{7.0) ustng NaOH Firal hernng

protein hydrolysate

! WAGENIMGEN
1 e

UNNERSITY & AESLARCH
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Exampie of process scheme

[I-m-mw'luww Banes |

WAGEMINGEM

UNNMERSITY & RESEARCH

Bio-active
peptides

sRoiwees B8
Lad - L

o aia G .
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SRS e P e
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Bio-active peptides, examples frcm fish

Ellﬁwlfn-ﬁli:nl.u.{?'w} "‘rh“rl‘i-ﬂilldlll‘ i“'-l":l

! WAGENINGEN
[

UNNMERSITY & AESEARCH

Bio-active peptides

® Example of anti hypertensive
working bioactive protein

SCTENTIFIC OPINEON

EFSA Pancl on Dictetic Products, Nutrition and Allergies (NDAY '

l-mlmdhm"p Authorny (FFSA L Parma, laly
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Literature protein hydrolysate from lantern fish

o bod kaaech hrrllIll)Hd- 2 -1 :
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l raw mnm.ﬂ for the developments of protein-rich anti:axidative healthy products. :

j WHEEP"INEEN

Production cf fish oil and functional protein

" Production of protein requires a
technology step the
protein has been removed from the cil fraction

® WR has demonstrated production of
(water soluble) and (salt soluble) proteins
from fish and fish by products

® This precess can be the base for a technology
development for protein production with functional
properties from: lantern fish

! WAGENMNIMNGEMN
L UNNERSITY & RESEARCH
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Increase use of lantern fish for both fishmeal and
human consumpticn

# Contacting suppliers of technology

# Production of functional protein and
fish oil on laboratory scale

* Assessment of the quality of the products

Increase use of lantern fish for both fishmeal and
human consumpticn

e Contacting suppliers of technology

e Production of functional protein and
fish oil on laboratory scale

e Assessment of the quality of the products
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Pre-processing, deboning, ripsosting ol ool meit by
mincing, washing & dewatering

o restruchaning fisiproteins -

5

soluble fish proteins
recovered from
wash water

Washing &
centrifugation

using acid Insoluble (washed)
(pH=3.5) fish proteins recovered
| WAGENINGEM fean-veshiog

L UNIVERSITY & RESEARCH

Possible results

® Processing minced meat and restructuring fish proteins

® il enriched "surimi” products using emulsion technology

=1 WAGEMNINGEMNM
i UNNWERSITY 6 RESEARCH
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Possible results

Sliceable cheese products

=1 WAGENINMGEN
bl B LUNWERSITY & BESEARCH

Meat analogues

® Use of freeze texturizing to produce meat analogues

=i WAGEMINGEMN
L L UnnvERSTY & RESEARCH
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Restructuring by extrusion

® Creating a structure by mixing, shear and
torming through a die opening

® Fish enriched extruded products to be milled
as base for porridge or just as snack

WAGEMINGEM

L UNMERSITY & AESDASCH

Literature and examples Lantern fish

: n.-n--—ru-r-wa_r-uu--wy-mu:luqs

LWT Food Sciem:e and T::l:hnulugy

FI-SEVIER : Ibuh\ll homepage: mtluuhl Mﬂﬁtili"ﬁl Z

Sunm| and sunm| maﬁ:n-ud from wlwle unguttt:d my::tuplud mmcr: @,: “

ﬂ-l‘hll' Reza H‘II\I'IHU Fereudoon Faﬁpdur
- + b Fedories s fipam o, Tohona, pesn- -

Anﬁrn;ﬁ:r

Thie wnsk: dibmansirates . mmm -and mmum‘ e - and - surliu - sealeed - fom whele -
ungutted myctophid mince. The study was basid on the evaluagion of the microbial and physicochemical
quality and new produa deuehpmeu_'l.'he rm:mh.l counts 'lIEr! redued Eﬂ’aﬂ.lwlr dluring Iu.d'ln'l,;
provess. Microbial counts of myctophid surimd were 3 = W0 CFLR for aeroblc plate count, <10 MPN/g G
total colifonmis, < W0 CFUE fof Sophdeoocous eneus and < 10 CFUJE for yeasts a0d mokds, The abdence of
Salmonella asd Excherichia nﬂ »p. ansd Iw courds of coliforms, 5. gurews, yeasts and molds indicated
thal e proseypes- were By sl fir plion: Raw mycaophid-surimi contained 85 g/ - -
1040 g mdisture, 14ﬁ1m;pmnn.l}33f1m;l:pﬂ:md 0.7 g/100 g ash. The bevels of wotal volatife bases,
peroodde ang mmmmmmvdmulrw:wmndsumuww GE mg MO0 g, 1.0 meqikg and

dif kg bespeaively, which were signbficintly lower (p < 0.05) than that fiund ks
nmupmd mence. Product development irdicated that the prosotypes had a lowes Tish adar and flavor
and better sensary stores. for. texture attributis. than siu:n:.p mince which was a pum.m: pu.11|! fior
cemmmmercialinrion of myctophid surimi-and related produets: | .
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Literature: examples Lantern fish

aken from Mesopelagic

nitative: Unleashing new
arine resources for a
rowing human population

! WAGENINGEMN

LUNNWERSITY & RESEAACH

Literature: examples Lantern fish

: a) Whole ungutted myctophids after defrosting & pre-washing

« .b) Myctophid skins and bones removed from a de-boner

¢} Mycophid mince

d} Myctophid sunmi seafood

! WAGENINGEN From Shaviklo & Rafipour [2013)

L UNMERSITY & AEBEARCH
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Literature: examples Lantern fish

<onoie .. - Some valus added products developed feorh Jastarn fish (g Jeft. dried fish snack; fsh bolllon powder and fish burger. ... ..

WAGENINGEN From Shaviklo & Rafipour [2013) .

UNNMERSITY & RESEARCH

pH shift method

® Jsing pH (acid or base) to solubilize an precipitate proteins

! WAGEMNINGEN

L UNMVERSITY & AESFEANCH
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pH shift method schematic views

am&wmmmmwmmwmmmmmmmmmmm
proteds Witk subiseqlient tllagen dad chlagen Fyjdrhisats' prodiicticn tnoim e rediise”

_____________ hydrolysite from gutted silver ca;p (Hypophdalmichthys molitrix),

I:rmreﬁnm}r apprnad:l :
WAGENINGEN di Abdollaki™™", Mm&dm‘ah.uhrpmr‘ Iugriﬂl.l’nﬂelmd‘

! UNNVERSITY & ACSEARCH i -f“’ﬂ“im Mﬂ%mim M#rm"'lfﬁm“—

e e i Sl i, Fcalty of Raries Sk, Tabiar Rllve Usnveruity, #£). s #6414 10, Pas, i
S e—— i poarnrd Mowmecas dimiverury, (1 e 5Fe S, dran :

® Demonstration video's of principle:

WAGEMINGEN |

UNVERSITY & REBEARDH
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Product examples

Optional future steps

Potential market study with samples,
interest potertial buyers

Discuss results and making plans for follow
up with stakeholders and private sector

Commercialization of developed products
with the private sector

WecR is expert institute within WUR

WAGENINGEN

UNNVERSITY & AESEARCH
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Value pyramide

Pharmacy : : Health :
.. Fnechemicals Do 0 andlifesle ]

ot |

! WAGENIMNGEM Jacquelng Sioamihol

L UNNERSITY & AESEARCH

¥ Functional foods

B While Fromen' Prodoet”
_H'ln:udﬁsl'l

Target

Target .
= Species

spedes

! WAGENINGEN

L UNNVERSITY & AESEARCH
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Business case FM & FO Lantern fish

Average mass balance of marine ingredients

Fishmeal == 250 kg ton!
Fish oil == 50 kg tom?

! WAGENINGEMN
b LUHNNWVERSITY & AESEARACH

Business case FM & FO Lantern fish

Geal: increase landings to 100 kton.y ! next 5 years
50% human consumption

50% FM and FO

FM lantern fish = SA FM
Slightly< CP (65.1%)
higher ash {13.4%)
» lower histidine (14.4 g/kg)

50 kton y* => 2500 ton FO

=> 12500 ton FM
i WAGENINGEN
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Fish meal and fish oil market

- Spot malket pnces FM currentl*,r + 1,500 USD/ton

2500 ton FO = 5 mil USD
12500 ton FM = 18.7 mil USD

Average aneial prioe of fiah oil worldwide frem 2015 V- 2ORE (im U.S. dollars per
mwﬂ-uun:l

! WAGENINGEMN
L NVERSITY & RESEARCH

Potential for aquaculture

® 50 kton y1
® 2500 ton FO + 12500 ton fish meal = 200.000 ton filapia feed

Summwunlmmm”;“h[mdwIFm
: : 'ﬂlldnr!ﬂl
. Species . | FMin Dt {Foin oiecs| -
: : ] i

Troust

Eal:

Mafine Fish

Sheimp :
Fl'rl:rutlum o

" [Thaigsh”
Catlish

MilEdish

gmus@azﬁmgm

Carp :
Mi=c FW Cam. Fish

A LT T T T,

”ﬁ;é'éégéééé”;;égi

HEE
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L UNVERSITY & AESEARCH

64 | Wageningen Livestock Research Report 1219



Book to advise

Maximising the
value of marine
by-products

ENINGEN

VERSITY & RESEARCH

Thank you

Questions?

! WAGENIMNGEMN

L UNNERSITY & RESEARCH
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Discussion: keywords, priorities, etc

® Resources

® Pelagic species

® Lantern fish

® |ogistics (cold chain)
® Quality

® Human consumption
® Fishmeal

® Fish oil

® Land animals vs fish

® Economies of scale

! WAGEMNIMGEMN
L UNNWERSITY & AESLARCH
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® Protein

® Hydrolysates

® Bioactive peptides

® Added value

® Consumer preference
® Supply and demand
® push and pull

® Aquaculture

® Private sector

® Sustainability




Appendix 3: Work plans (1 and 2)
improvement of the fish value chain in
Iran: value creation in fish and fish
products
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Work plan 1:

Project proposal/plan Wageningen Livestock Research

Improvement of the fish value chain in Iran: value creation in
fish and fish products

Jeroen Kals

January 2019

Sponsors: The Iranian Fisheries Sciences Research Institute (IFSRI) and The Agricultural Research
Education and Extension Organization (AREOO).

Wageningen Livestock Research Report 1219 | 69



1. Description

1.1 Introduction and problem definition

During the fact finding and goal establishing mission of 23rd to the 29th of September 2017, prof
Komen and Dr Kals from Wageningen university, together with Mr Smolders of the Dutch embassy in
Tehran, and Mr Lomans of the Ministry of Agriculture, Nature and Food quality in the Netherlands visited
IFSRO research institutes in Anzali and Ahwaz, fish processing companies in the Persian gulf, and two
institutes of the Iranian Fisheries Organisation or Shilat (IFO). Based on discussions with the Iranian
deputy minister and colleagues from IFSRO, for fish processing, four objectives were identified as joint
research and cooperation priorities.

1. To increase the human consumption of the small pelagic species like anchovy, kilka and
sardines currently used for fishmeal.

2. To increase the resource use efficiency of tuna by products.

3. The increase of the use of lantern fish for both fishmeal and human consumption and

4. The development of products using carp as a raw material.

For each of the four goals a brief introduction, and suggested plan of action was described in the
report “Improvement of the fish value chain in Iran: introduction of modern breeding technology,
product innovation and value creation in fish and fish products”.

For processing, The Islamic Republic of Iran has recently given priority to research objective

1: to increase the human consumption of the small pelagic species like anchovy, kilka and sardines
currently used for fishmeal and

3: the increase of the use of lantern fish for both fishmeal, fish oil and human consumption

and asked Wageningen University and Research to write a project proposal for the two priority
objectives.

1.2 Objectives

2 Objective 1: Increase the human consumption of the small pelagic species

Introduction and problem definition

In Iran currently most of the 100.000 ton of the small pelagic species caught (e.g. anchovy,
sardine, kilka, figure 1) are used for the production of fishmeal. For example from kilka only 10% of the
catch is used for human consumption, the rest is processed into fish meal. However, as the small pelagic
species have a high nutritional value, also for humans (e.g. proteins and essential fatty acids), it is more
efficient to use them for direct human consumption as you gain approximately a factor four by going
down in trophic level. In addition, the Iranian government wants to stimulate the fish consumption in
Iran as the average yearly consumption per capita is 11 kg, which is almost half the global average.

During the fact finding and goal establishing mission a plan was made in consultation with our
Iranian colleagues to increase the human consumption of the small pelagic species from the Gulf of
Oman in the south (anchovy and sardines) and the Caspian Sea in the north (kilka).

Figure 1: Anchovies (left), sardines (middle) and kilka (right).
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Objective 2: Increase of the use of lantern fish for both fishmeal and human consumption

Introduction and problem definition

According to the data presented the maximum sustainable yield (MSY) of lantern fish is much
higher than the current catch, which is about 15 kton a year. The goal of the Iranian government is to
increase lantern fish landings to 100 kton in the next five years. Currently, lantern fish is only used for
the production of fishmeal. However, the goal of the Iranian government is to allocate or use 50% of
the landings for human consumption.

i

ntern fish (left), fish oil (middle) and fish meal (right) from Iatrn s . ]

Figure 2: La

2.1 Results

The Wageningen partners (WLR, WFBR and WEcR) will jointly prepare a report in English describing
the materials and methods, results and conclusions of the project.

2.2 Boundaries, conditions and restrictions

Availability of raw materials

All necessary raw materials (fish) not available in the Netherlands and needed for the project (e.g.
sufficient amounts of lantern fish) will be provided by IFSRI (Iranian Fisheries Sciences Research
Institute) and AREOO (Agricultural Research Education and Extension). It is the responsibility of IFSRI
and AREOO to make them available for research in the Netherlands.

2.3 Activities

Plan of action and activities objective 1: Increase the human consumption of the small pelagic

species

To increase the human consumption of anchovy, kilka and sardines in Iran it is necessary to be
able to distribute the products over the whole country and thus increase the availability of products with
an acceptable shelve life. The latter requires high quality raw material (cooled with ice or fast frozen)
and proper processing of the raw material into products the people are willing to buy and pay for. Many
different products made from small pelagic species are already on the market elsewhere in the world
(e.g. frozen whole, canned whole, canned filleted, canned and smoked, canned with sauce, with olives,
marinated, dried, fried, salted, fish sauce, anchovy paste etc.). We therefore suggest to investigate
which of the available products made from small pelagic species already on the market elsewhere in the
world would the Iranian people (repeatedly) buy and eat. This can be done using consumer research
e.g. studying consumer preference and the use of direct market tests to evaluate and screen the
different products to learn how consumers and retailers react to handling, using and repurchasing the
different products to finally forecast future sales of the products and market potential of the products
tested in the distribution territory of Iran. Products with sufficient market potential must be produced
and commercialized together with or by the private sector. The knowledge needed to produce and
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commercialize the specific products needs to be implemented by learning or for example a joint venture

with a company already selling such products elsewhere.

Activity

Involvement

Expected results

4. Kick-off meeting in Tehran
for both objectives

WLR, WFBR, WecR, AREEO,
IFSRO, Shilat (IFO) and Mr
Smolders of the Dutch
embassy in Tehran

Getting to know the
people involved in the
project and commitment
towards the project

5. Making inventory of available
products, including product
and production information
using a desk study.

Wageningen livestock
research (WLR) and
Wageningen Economic
Research (WECR)

Report

Selection of most
promising products in-
and outside Iran

6. Design and execute a market
analyses of the products
made from small pelagics in
Iran

Wageningen economic
research (WecR)

Top 3 of products made
from small pelagics in
Iran with promising
market potential

7. Consumer acceptance study
among Iranian consumers

Wageningen economic
research (WEcR)

Define consumer products
the Iranian people accept,
and expected to
(repeatedly) buy and eat.
WecR does design, guide,
analyze and discuss
results. The study itself
will be executed by our
Iranian colleagues or
Iranian subcontractor.

8. Discuss results marketing
study and making plans for a
follow up with stakeholders
and private sector

WLR, WFBR, WecR, AREEO,
IFSRO, Shilat (IFO) and Mr
Smolders of the Dutch
embassy in Tehran

Go-No-Go and follow up
plan when having a Go

9. X of the most preferred
products will be produced
using Iranian pelagic species
and are commercialized in
cooperation with or by the
private sector

WLR, WFBR, WecR, private
companies Iran and
preferable the Netherlands

X products put on the
market in cooperation
with private sector

Market analysis is a generic term used to describe a variety of qualitative and quantitative studies
on products and/or product categories. Studies can focus on economic data, on rules, regulations and
standards, consumer attitudes and/or the competitive advantage of the products studied over competing
products and or providers. Market analysis are carried out for a wide-range of products. In the context
of this study, we do not upfront propose to carry out a full market analysis for a full range of products.
Instead, we propose to the following step-wise approach to ensure that each of subsequent phases
focussed on the relevant products.

Phase 1: scoping of the study together with Iranian partners.

Phase 2: Inventory of products from anchovy, Kilka and sardines.

The current uses of anchovy, kilka and sardines in Iran are identified. This is baseline information,
required to compare new human consumption products. Existing human food products from these
species elsewhere in the world are identified (e.g. whole product frozen, canned whole, canned filleted,
canned and smoked, canned with sauce, with olives, marinated, dried, fried, salted, fish sauce, anchovy
paste etc.).

This phase consists of desk-study, looking at literature. EUMOFA database, FAO’s GLOBEFISH,
catalogues of whole-sellers, retail, combined with (telephone) interview and visits to trade fairs (if
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planning allows us to). The important global role of the Dutch pelagic industry allows us to easily contact
various stakeholders established in the Netherlands.

This results in an overview of potential products using anchovy, kilka and sardines. Products are
evaluated to assess to applicability in Iran; where we look at the required capital investments, global
competition, trends in global production and expectations for global market outlook. This phase ends
with the selection of 15 most promising products (5 for each species) of the fish species together with
the client. These products are further studied in phase 3

Phase 3: market analysis of selected products.

In this phase we further analyse on the selected products for human consumption. For the market
research, the following aspects are discussed: competition, actual and potential market size, market
profitability, cost structure, distribution systems, trends and developments, key success factors.

This is done through desk-study research \

and interviews with the Iranian seafood sector. We - o ﬂ\ H
Sad

suggest to cooperate with Iranian experts in this anll .‘.
phase. Wageningen Research can provide @a

questionnaires and instructions, local experts are =

in a better position to interview sector convenience

representatives. Regular Skype meetings with =

local experts are foreseen to secure results are ,*‘ /@' n

useable for the analysis. [

Results of this phase are a detailed market =
analysis for 15 human food products (5 per e
species). The results are discussed with the client
to identify the top 6 most promising products that
will be used in the consumer preference study.

Figure 1: lllustration of segmentation (PrimeFish)

Phase 4: Consumer preference study.

In phase 4, the top 6 products (2 per species) are further studied to assess consumer preference.
Iranian consumer data is collected in order to identify interesting segments and recommendations for a
targeting and positioning strategy with a customized marketing mix (four P’s: product, price, promotion,
place).

In this phase, qualitative and quantitative methods are used. Qualitative method include
interviews with consumers to identify consumers’ motivations, (unmet) needs and first idea of segments.
Subsequently, a quantitative approach is used for choice-based preference measurement (conjoint
analysis). We suggest to use mobile devices (tablet, smartphone, enabling rapid interviewing of
consumers at e.g. a fish market or retailer. This provides information to identify consumers

preferences, willingness to pay and segments sizes.
In this step, we also foresee cooperation with an Iranian partner/subcontractor to support in data

collection.

Results are a detailed insight into consumer preferences for the products studied, including insight
into Willingness to Pay.

Phase 5: follow-up plans.

Based on the results of phases 2-4, a plan is drafted for market development of human food
products from anchovy, kilka and/or anchovy. The plan describes market potential and give
recommendations for marketing.

Phase 6: Commercialisation.
The last phase. Specific activities, costs and involvement are dependent on the results of the
previous phases/steps and the involvement of industry and therefore cannot be specified at this

moment. What we for example could do is:
e Open up Network in Europe
e Stakeholder analysis to identify potential partners
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Plan of action and activities objective 2: Increase of the use of lantern fish for both fishmeal

and human consumption

As lantern fish is frozen on board it is expected that the quality of the raw material is sufficient
for further processing. Though, it is necessary to evaluate if the raw material is suitable for making
products appropriate for human consumption. It is suggested to follow a stepwise approach towards
the implementation of results:

e Evaluation quality raw materials and processing chain Production on pilot scale of raw fish oil
from the lantern fish as it is delivered at this moment

¢ Improvement of the quality of this fish oil by implementation of hygienic and logistic
measures in the fishing chain.

e Refining of the raw fish oil

e Realisation on lab scale of technology to produce protein of significant quality in terms of
nutritional value and/or technical functionality

e Production on pilot scale of fish protein

e Diversification of the technology towards other fish species

Activities Phase 1

Legal aspects

The production of both the fish oil and the fish protein should fit within the legal boundaries of food-
grade production processes. Certain rules apply in this specific subject regarding:

e The raw material

e The by-products

e The valorisation processes

e The additives used in these processes

e The final products

The European legislation will be used as a benchmark for this project. It could be that the Iranian
legislation differs to some extent. This will not be addressed in this project.

Quality improvement of the fish in the chain

The stabilisation of the raw material is very important for the quality of the products. Wageningen
Research can provide insight and advice with respect to:
e Analyses of the current raw material and deliver parameters for the desired situation
e Risk assessment of the whole chain. The starting point is the intake of raw material and the
endpoint is the delivery of the valorised products.
e Quality control. Provide suggestions for modification of- and coupling with the quality
systematics of the fishing industry and the producer of the final products.

Activities Phase 2
Production and refining of fish oil without functional protein production

Fish oil is a vulnerable product. The healthy unsaturated fatty acids are sensitive to oxidation. The
oxidation happens very fast, especially in the presence of catalysts such as enzymes or metal-ions.
Besides this, micro-organisms can cause oxidation reactions. The state-of-the-art regarding fish oil
production is an input of fresh fish and an output of fish oil and denatured protein meal (fish meal).
For this process, technology is offered from commercial parties. The options of this technology for
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lantern fish will be assessed following the following steps:

e Approaching technology providers

e Production of raw fish oil samples on laboratory scale (< 1 litre)
e Pilot plant production trials for 5 days

e Quality assessment of the product

Activities Phase 3
Production and refining of fish oil and functional protein

Different technologies are available for fish oil production. The production of functional protein
requires a technology that does not include a heating step before the protein has been removed from
the oil fraction. Once the protein has been heated, it is denatured and loses most of its functional
aspects. In previous projects Wageningen Research has demonstrated the production of
sacroplasmatisch (blood-based) proteins and myofibrilair (muscle-based) proteins from fish and fish
residue. This process can be the base for a technology development for protein production with
functional properties from small fishes such as lantern fish. The following steps will be taken to
demonstrate the feasibility of this concept:

e Contacting suppliers of technology

e Production of functional protein and fish oil on laboratory scale
e Assessment of the quality of the products

e Adjustment of the process parameters

e  Pilot production during 5 days

e Production of representative samples

Activities Phase 4

e Potential market study with the samples, interest potential buyers

Activities Phase 5

e Discuss results and making plans for a follow up with stakeholders and private sector.

Activities Phase 6
e Commercialization of developed products by or together with the private sector
Currently, lantern fish is only used for the production of fishmeal. To check the possibility to add value

toward this process it is optional to screen the sticky water from the fishmeal production plant for the
presence of bioactive peptides.
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Activity Involvement Expected
results
Evaluation quality raw Wageningen Livestock Research (WLR) | Report

materials and processing
chain including the legal
aspects and quality
improvement of the fish in
the chain

and Wageningen Food and biobased
Research (WFBR)

Production on pilot scale of
raw fish oil from the
lantern fish as it is
delivered at this moment;
Production and refining of
fish oil without functional
protein production

Wageningen livestock research (WLR)
and Wageningen Food and biobased
Research (WFBR) in cooperation with
UNIDO processing center (Guilan
province)

Report and lab

scale production
of half fabricates
from lantern fish

Production and refining of | Wageningen livestock research (WLR) Report and
fish oil and functional and Wageningen Food and biobased representative
protein: Realisation on lab | Research (WFBR) in cooperation with samples

scale of technology to Persian Gulf and Oman Sea ecology

produce protein of research Institute (Hormozgan

significant quality in terms | province)

of nutritional value and/or

technical functionality.

Production on pilot scale of

fish protein, production of

Production of

representative samples

Market study with the WLR, WFBR possibly WecR Report
samples, interest potential

buyers

Discuss results and WLR, WFBR, WecR, AREEO, IFSRO, Go-No-Go and

making plans for a follow
up with stakeholders and
private sector

Shilat (IFO) and Mr Smolders of the
Dutch embassy in Tehran

follow up plan
when having a Go

Commercialization of
developed products by or
together with the private
sector

WLR, WFBR, WecR, private companies
Iran and preferable the Netherlands

X products put on
the market

Optional: Diversification of
the technology towards
other fish species

Wageningen livestock research (WLR)
and Wageningen Food and biobased
Research (WFBR) in cooperation with
Persian Gulf and Oman Sea ecology
research Institute (Hormozgan
province)

Optional: Screening for
bioactive peptides:

a) screen sticky water
fishmeal production plant
b) screen protein
hydrolsate from lantarn
fish

Wageningen livestock research (WLR)
and Wageningen Food and biobased
Research (WFBR)

1 Management aspects
2.1 Organisation

The project will be executed in collaboration with the IFSRI (Iranian Fisheries Sciences Research
Institute) and AREOO (Agricultural Research Education and Extension Organization). The Dutch
Research institutes that will be involved are Wageningen Livestock Research (WLR), Wageningen Food
& Biobased Research (WFBR) and Wageningen Economic Research. For some tasks it might be wise to
involve Iranian partners e.g. phase 3 and or 4 from the marketing study: "interview and data
collection during the marketing study”.
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2.2 Planning
To be discussed with stakeholders at a later moment.
2.3 Management of deviations
There may occur deviations in the project implementation, for example due to:
1. The time schedule is not met. When the bottlenecks are identified that cannot be resolved
internally.
2. The project differs substantially from the initial plan because:
a) bottlenecks occur that require a substantial revision;

b) the client requires other product demands;

In both cases, consultation is needed with all stakeholders, to determine and agree on the new
(written) agreements.

3 Communication

All parties involved are of equal importance for the proper execution of the project. During the project
phone/Skype project meetings will be organised to discuss the progress of the trial. In addition
personal meetings are involved. After completion of the project the results will be reported in a
Wageningen report template.
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Work plan 2:

Project proposal/plan Wageningen Livestock Research

Improvement of the fish value chain in Iran: “Increase of the
use of lantern fish for both fishmeal and human consumption

phase 1”.

Jeroen Kals

March 2019

Sponsors: The Iranian Fisheries Sciences Research Institute (IFSRI) and The Agricultural Research
Education and Extension Organization (AREOO).
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1 Description

1.1 Introduction and problem definition

During the fact finding and goal establishing mission of 23rd to the 29th of September 2017, prof
Komen and Dr Kals from Wageningen university, together with Mr Smolders of the Dutch embassy in
Tehran, and Mr Lomans of the Ministry of Agriculture, Nature and Food quality in the Netherlands visited
IFSRO research institutes in Anzali and Ahwaz, fish processing companies in the Persian gulf, and two
institutes of the Iranian Fisheries Organisation or Shilat (IFO). Based on discussions with the Iranian
deputy minister and colleagues from IFSRO, for fish processing, four objectives were identified as joint
research and cooperation priorities.

1. to increase the human consumption of the small pelagic species like anchovy, kilka and sardines
currently used for fishmeal. 2. To increase the resource use efficiency of tuna by products 3. the increase
of the use of lantern fish for both fishmeal and human consumption and 4. The development of products
using carp as a raw material.

For each of the four goals a brief introduction, and suggested plan of action was described in the
report: “Improvement of the fish value chain in Iran: introduction of modern breeding technology,
product innovation and value creation in fish and fish products”.

For processing, The Islamic Republic of Iran has recently given priority to research objective 1 and 3
and asked Wageningen University and Research to write a project proposal for the two priority
objectives. After discussing the project proposal during the Skype meeting on the 12th of February
2019 it was decided to focus on the first steps of topic

3: “the increase of the use of lantern fish for both fishmeal, fish oil and human consumption”.

1.2 Objective

Increase of the use of lantern fish for both fishmeal and human consumption phase 1

Introduction and problem definition

According to the data presented the maximum sustainable yield (MSY) of lantern fish is much
higher than the current catch, which is about 15 kton a year. The goal of the Iranian government is to
increase lantern fish landings to 100 kton in the next five years. Currently, lantern fish is only used for
the production of fishmeal. However, the goal of the Iranian government is to allocate or use 50% of
the landings for human consumption.

Figure 1: Lantern fish (left), fish oil (middle) and fish meal (right) from lantern fish.

1.3 Results

The Wageningen partners (WLR, WFBR and WEcR) will jointly prepare a report in English describing
the materials and methods, results and conclusions of the project.
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1.4 Boundaries, conditions and restrictions

Availability of raw materials

All necessary raw materials (fish) not available in the Netherlands and needed for the project (e.g.
sufficient amounts of lantern fish) will be provided by IFSRI (Iranian Fisheries Sciences Research
Institute) and AREOO (Agricultural Research Education and Extension). It is the responsibility of IFSRI
and AREOO to make them available for research in the Netherlands.

1.5 Activities

Plan of action and activities phase 1

As lantern fish is frozen on board it is expected that the quality of the raw material is sufficient
for further processing. Though, it is necessary to evaluate if the raw material is suitable for making
products appropriate for human consumption. In the previous proposal it was suggested to follow a
stepwise approach towards the implementation of results. However, after discussing the project
proposal during the Skype meeting on the 12th of February 2019 it was decided to delete some of the
phases or steps and focus on the following steps:

Analyses of current raw material

Production of raw fish oil samples on laboratory scale (< 1 litre)
Quality assessment of the product

Production of functional protein and fish oil on laboratory scale
Quality assessment of the product

Production of representative samples

Potential added value using lantern fish

Noubwne=

As for the required analyses it is envisaged to have close collaboration with IFSRI and AREOO in order
to make optimal use of existing experimental facilities in Iran. In this way the budget requirements for
analysis by WFBR in Wageningen is kept to the minimum.

Production of fish oil without functional protein production

Fish oil is a vulnerable product. The healthy unsaturated fatty acids are sensitive to oxidation. The
oxidation happens very fast, especially in the presence of catalysts such as enzymes or metal-ions.
Besides this, micro-organisms can cause oxidation reactions. The state-of-the-art regarding fish oil
production is an input of fresh fish and an output of fish oil and denatured protein meal (fish meal).
For this process, technology is offered from commercial parties. The options of this technology for
lantern fish will be assessed following the following steps:

- Approaching technology providers
- Production of raw fish oil samples on laboratory scale (< 1 litre)
- Quality assessment of the product

Production and refining of fish oil and functional protein

- Different technologies are available for fish oil production. The production of functional protein
requires a technology that does not include a heating step before the protein has been
removed from the oil fraction. Once the protein has been heated, it is denatured and loses
most of its functional aspects. In previous projects Wageningen Research has demonstrated
the production of sacroplasmatisch (blood-based) proteins and myofibrilair (muscle-based)
proteins from fish and fish residue. This process can be the base for a technology
development for protein production with functional properties from small fishes such as
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lantern fish. The following steps will be taken to demonstrate the feasibility of this concept:

- Contacting suppliers of technology
- Production of functional protein and fish oil on laboratory scale
- Assessment of the quality of the products

Optional future steps

e Potential market study with the samples, interest potential buyers
e Discuss results and making plans for a follow up with stakeholders and private sector
e Commercialization of developed products by or together with the private sector

2 Management aspects

2.1 Organisation

The project will be executed in collaboration with the IFSRI (Iranian Fisheries Sciences Research
Institute) and AREOO (Agricultural Research Education and Extension Organization). The Dutch
Research institutes that will be involved are Wageningen Livestock Research (WLR), Wageningen Food
& Biobased Research (WFBR) and Wageningen Economic Research. As for the required analyses it is
envisaged to have close collaboration with IFSRI and AREOO in order to make optimal use of existing
experimental facilities in Iran. In this way the budget requirements for analysis by WFBR in
Wageningen is kept to the minimum.

2.2 Planning
To be discussed with stakeholders at a later moment.
2.3 Management of deviations
There may occur deviations in the project implementation, for example due to:
1. The time schedule is not met. When the bottlenecks are identified that cannot be resolved
internally.
2. The project differs substantially from the initial plan because:
a) bottlenecks occur that require a substantial revision;

b) the client requires other product demands;

In both cases, consultation is needed with all stakeholders, to determine and agree on the new
(written) agreements.

3 Communication

All parties involved are of equal importance for the proper execution of the project. During the project
phone/Skype project meetings will be organised to discuss the progress of the trial. In addition
personal meetings are involved. After completion of the project the results will be reported in a
Wageningen report template.

82 | Wageningen Livestock Research Report 1219



Appendix 4: Presentations workshop fish
breeding
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Selective breeding in Aquaculture

Hans Komen, Animal breeding and genomics group

Tehran, Iran 12/6, 2019

nWABEHINGEN
Fowr gquality of fife

This workshop

® Short Introduction

® Principles of a breeding program

® Example I: trout

® Example II: seabass and seabream

® Example III: tilapia

nWABENING E r~ INEE
For quality of Nfe
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Organisation of Breeding in aquaculture

® Large specialized breeding companies

® National, or cooperative Breeding programs

® Commercial fry producers with R&D support

® Large producers with integrated breeding program

® Many relatively small companies with little or no
breeding activities

Breeding programs: general

Reasons for a breeding program:
» Poor growth (wild species)
» Poor FCR
» Large variation in harvest weight

» inbreeding depression

increase profitability is the most important issue...

AWAEENINGEN
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Breeding programs: general

breeding programs are complex, expensive and risky,
investment because. ..

» Need larger numbers of broodstock

» Need family rearing, tagging, genotyping

(tracing pedigrees)

» No genetic protection!

» Only long term benefits, no quick wins

nWABENINGEN
Far gquality of life

Steps in a breeding program

1. Definition of production | 2. Definition of |
system breeding goal

7. Evaluation 3 Collection of information
- Geneticimprovement Phenotypes
- Genetic dwerstw - Family relationships
- Genotypes
Breeding program ¢
6. Dlssemlnatlnn 4. Determining selection criteria
- Structure of breeding - Genetic model
program - Breeding value estimation
- Crossbreedung

5 Selection and mating
- Predicting selection
response

- Consequences of mating
nwna EMIMG decisions
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Survival

EWAEENINEEN
For quality of fe

Aquaculture selective breeding

® Most large breeding programs now focus on
e Growth, Fat-%
e Fillet yield
e QTL for disease resistance

® A |ot of genetics research is currently done on
e Association of disease traits with GWA / QTL
e Genomic selection...

uWABENINEEN
For quality of life
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Divsion and outsourcing of tasks

Consultant:
Breeding value estimation:

Statistical analysis

Pedigree reconstruction

Commercial aquaculture company

Fry rearing, ongrowing and trait recording

EWAEENINGEN
Foar quality of ife

Major cost factors

» Broodstock

» Mating design

» Full sib family rearing (fry)

» Pedigree recording (tagging, genotyping)
» Trait recording

» Sib testing for additional traits

EWAEENINEEN
For Quality of iife
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Broodstock size and size of test population

180
160 P L ?
40/ o &
140 /0 ¢
120 o ¢ Y |TTOF0S
100 //,./‘/_: —=m— BLLP
o

// e @ 0.2
20 - = 4 & BUP

G0

broodstock size

0 1000 2000 3000 4000 5000 000 70O0O ©OOO 9000 10000

Testin-g cépacity

LWAEENIHG E ~ NIz
For quality of Nfe

Mating designs

" Controlled: factorial mating
Rainbow trout

Nile tilapia
natural N ses
spawning ... @ Bass/Bream

Barramundi

EWAGENINGEN
Ferr guaality of Nfe
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natural mating: unequal contributions

Leads to inbreedina

Contr, to ofTspring (%)

EWAGEMINGEH
Far quality of Ne

Mating systems: natural mating

® Natural mating in a breeding program:
e Strong control on inbreeding needed

e Control of parental genetic contribution to next
generations

e Genotypinag reauired!

e Or large broodstocks... conseguences!

e we estimated:
e 150 parents with. BLUP + genotyping + OC
e 300+ for mass selection

EWAEENINEEN
Far guality af ife
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Pedigree-Tagging

WAGEMIMNGEMN
Forr quality of ife

Pedigree-genotyping

® Reconstruct relationships:

e DNA markers, GBS: 10-30 euro/fish
e Pedigree reconstruction/ genomic selection

WAGEMINGE M
Fear quality aof life
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Family rearing until tagging......

Keep family rearing conditions uniform until tagging

Expensive......

and impossible
when you have
natural mating

gWAGENINGEN
Forr quaality af iife

Trait recording

Stocking weight - Harvest weigth
Survival

Growth rate

Fat-%

Shape

Slaughter traits on relatives - fillet yield

gWAEENINGEN
Ferr qruaality of i
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Our solution — low cost breeding program

A simple and cheap breeding program,

That can be run on farm, by farm
personnel

That avoids inbreeding

And produces better growing fish

gWAGEquGENI!IE-

Principles of a low-cost BP

Maximize profits...
» Focus on the most important trait

» Selection environment = production
environment

» Maximize gain at acceptable rates of inbreeding

v" Focus on first 5-10 years!

AWAGENINGEN
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Principles of a low-cost BP

Reduce costs...
» No tagging.. own performance selection
(mass sel.)
v" Reconstruct pedigree of parents
» Optimize use of broodstock

» Maximize use of facilities

gWAGEMINGEH
For gquality of fife

cost reduction

» Broodstock

» Mating design: species dependent

> Eullsib fami -

» Pedigree recording: only on selected fish

» Trait recording: in production environment

> Si - for-additional trai

AWAEENINGEN
For quality af fife
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Benefits of selection in seabream:
company level

Value (million €)

Year

In year 10, Net Present Value = € 3.2 million.
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Examples Agquaculture breeding programs

o
@RDUTLGDGE
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Customers = “most important”

* A breeding plan for customers

* Survey + Farm visit

Forellenzucht Trostadt GbR

e
@RD UTLODGE

Customer Survey: Environment

Water temperture
Water system impact
90.0% 50.0%
80.0% 76.5% 45.0%
70.0% 40.0% I7.3%

60.0%
50.0% 35.0%
40.0% N 30.0% 27.5%
30.0% 25.0%
20.0% 2000%
10.0% 2.0% 1500
0.0% 10.0%
Flow through Recirculation other 5.0%
Syetem 0.0%

high temp. low temp.

e
@Rﬂ UTLODGE
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- 24 menths: up to 200 matinas ~~ 100 families kept, based on
females spawn natural, Males . |survival to hatch, spawn time
- sacrificed and BV: 400 eyed eggs/family

I grown in family tanks

200-900 fish selected and to 20 grams; ong
ongrown in W.W. toyr 2. batch / Fam treated
with MT |
! At 400 and 1000 !
Calculate BY for Weight gram (10 months):
Thermal growth all fish weighed and
coefficient; *| length measured,
sex maturity,
deformities

Customer Survey: Variation of traits

UsARCanada Europe
Disease W 85.5 Condition b 52
Uniformity B 275 FCR W 535
Condition N 56 maturation 108
Survival I 1% Disease B 130
FCR . 270 Survival D 15
Growth (I 5 R Growth . 332
L] 00 0 300 400 SO0 BOD OO o 106+ 200 300 400 500 GO0 700
South America Asia
FCR N 73 Disgase W 20
Uniformity B 85 Fillert W 20
Condition N 90 Condition W 20
Fillet | 105 Maturation B 25
Survival I 50 Growth (I 155
Growth I 510 Survival [N 180
0 100 200 300 400 500 GOD 700 0 100 200 300 400 500 GO0 700
?
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Broodstock facilities (10 C, well water)
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Egg incubators

Eved eggs
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Full sib family rearing

one family
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Methyltestosteron treatment
to make xx males.

Tagging size
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Ongrowing, communal rearing, to 400 and 1 kg weights

production level:

females: top 20 parent families =

J

Production level:

l

males: top 2 unrelated parent
families > from these fop 2 males
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Higher genetic potential by two-stage selection

+ 2500 fish in cold environment

5 | Two-step selection
Generation

Z
@RD UTLODGE

Diverse environments

* Would fish performance
be best for all
customer’s

environments?
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Results for body weight

» Correlation is the “indicator”

Benefits of selection in trout:
Finnish national breeding program

_ 12 000000 - Fillet colour
- Belly flap

-ﬁ -» e

-E 10 000 000 " Fillet% /‘!

& &

W "SI0 Visceralipid )

£ *

% 6000000 M“E":"ifw’?

-9

E 4000000 |

g Scenario: 1 23 456

8 2000000 + . - = - -

= 155000 157500 160000 162500 165000 167500

Cost of a breeding programme (€]
Kause, Kankainen 2018
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Breeding Programs for bass and bream

FISHREPST

Market share 2012 6> <
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Market share
breeding companies:
60-66%

FISHBEPST.
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Market share 2012 REE—g

O = MNumber of breeding companies
- I = Teotal juvenile production
®."

@ = Market share of breeding companies

©.0 00
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Market share
breeding companies:

43-51%

FISHBEPST.

Sea bass production cycle
Reproduction —> yolk sac fry —3> larva(7-10d)

T
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Mass Spawning — Seabass and seabream

30/ 40 fish per tank

Priming with slow release pellet
GNRH to synchronize spawning

Continues egg collection over
multiple days

Large nr of broodstock tanks to produce
multiple batches /vear
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Parent contributions

mother contributions
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Larval rearing
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broodstock.

kept separately.

* Selection candidates treated normally, but
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* Tagging + weighing + photo + record original

o BS (data recording) of 100 randomly
= sampled selection candidates

e
100 rand sample

—
e
1507
a
—
100 rand sample

* stocking in 5x2.5x5 cage 62.5 m?

* Adding of approximately 1700 untagged

—] dummy fish to create commercial density.
_ * Final number = 300+1700 = 2000 fish / cage

100 rand sample

ongrowing

* Grow out
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Trait recording

* Pictures — shape!

* Weight

* Thermal growth coefficient

* Fat-%

* Correlations with Liver fat — fillet yield

Measuring fat

* Measuring fat with Distell fat meter
» 1181 animals
» 8 different measuring points
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Taking pictures

Measuring shape

4566
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Genetics of fish growth in Greece v.
Spain
* Growth performance
Project : Genotype by Environment

Interaction in sea bream
* Collect phenotypes

* Estimate correlations
Growth
Fillet Yield
Quality
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Breeding Programs for Tilapia

In this presentation

» Current status of tilapia selective breeding
* Defining the breeding goal - economic considerations
* Solving the yield gap — production efficiency
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Nile tilapia: a fast growing herbivore

In 2012 the FAQO listed world Nile Tilapia production at 3,5 million mt,
valued at S5 billion USD.

2002-2013

B Atlantic cod
Barramundi {IN and TW)

B Olive flounder, Korea Rep.
Coho salmon

B European Sea Bass&Bream

B Rainbow trout

B Channel Catfish

B Pangasius, Vietnam
B Aflantic salmon
OTilapia

Estimated mortalities(%) from case

studies
Egypt 25-60
Thailand
Ponds 35-50
Cages 35-40
Bangladesh 30
Philippines 40
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Effect of environment

GIFT G13

R et C iR
2a:iprateln =z 3.8 Natural feed -> 2.2

Mortality and production efficiency

PE = Total net weight gain at Harvest

Total feed used or procured

Net harvest = remainder after total mortality

Total mortality (weight) = Total biomass loss from disease +
handling + grading + escapes + predation over production
cycle.
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Overall Performance of Diets - PE

China | Thailand |Philippines Egypt Ghana
System | Pond Pond |Cages/pond Cage | Pond Cage | Pond
Comm.
Feed 1.69 1.4-1.6 1517 (1317 1419 | 1.21.4 | 1.8-23

* Irrespective of country or system PE in similar range

¢ Significant effort still devoted to nutritional quality/
formulations/substitutions

* What about genetics?

Breeding programs for Tilapia (all species)

All Family selection
programs Private Public

China 16 5 2
Thailand 10 2(3)

Egypt 1 1
Mexico 9 3

Brazil 6 5 1
Peru 2 2

Colombia 6 1

Ecuador 2 1

Total 52 19 4

Source; www.inocap.no / year 2014
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GIFT — a brief history

Examples of commercial strains with
ancient GIFT ‘heritage’

be4
* Genomar supreme tilapia Tnnpl n

TTTTTTTTTTTTTTTT

* Spring genetics SPR(NG

!!!!!!!!

* ProGift Hainan
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Conventional BLUP scheme: GIFT
* Hapa/GIFT system

* Mating 1 male x 2 females
* Produce 100 full and half sib families
*» Select 40 fish/family for ta

i R

Ll

Growing out

* 4 ponds, 1,000 m? each

* In each pond:
» Ja offspring of the BLUP scheme

» Advantages:
* there is no pond effect
* There are 4 replicates of BLUP
* Adjust for pond effect for BLUP
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Time frame of mating, spawning, growing out

Table 1

Stocking age, grow-out time, number of tilapia at stocking and at harvest, and survival
rate at harvest in cage, nucleus, and VAC

Environment Stocking age Grow-out ime  # of fish Survival
(days) Stocking  Harvest (%)
Cage B3-208 140-173
Cage 1 1164 340 29
Cage 2 1514 418 28
Mucleus 77-194 140-176 3775 1946 52
VAC? 71-183 163-195 1118 760 68

Reduction in grow-out time due to
selection (days to 1 kg)

projected days to harvest for h? 0.3

GIFT-13

200 Genomar

100 R "

days to harvest

a 5 10 15 20 25 30 35
generation of selection
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A comparison across strains

environment TGC Strain

Pond 1.56  Sagana, Base Pop+1, Kenya;
Cage 5.05

ProGIFT, G12, China

Pond 4.67

Pond 3.11

_ GIFT G13, Vietnam

River cage 3.85

RAS, G6 4.46  Dutch RAS (Base AIT x GIFT)

Correlated responses to selection

600

E g
sm- " - o -

1 * Fillet weight and fillet yield
450 J
400 4
350 =

0 |‘I'|'|'|'|-|'|-|-|~a T T 1 N? of days
0 30 60 80 120 150 180 210 240 270 200 330 360 390 420 450 480

Wageningen Livestock Research Report 1219 I 123



Fillet weight and Fillet yield
Fillet Weight  Fillet% reference

0.24 | 059 0.12 0.74 - Rutten, 2005

0.33 |0.356 0.25 0.44 Mo reps. Nguyen, 2010

0.16 | 0.59 0.06 0.21 0.28% Gjerde, 2012
units

030 |- 0.17-0.23 | 0.0% 0.3% Thodesen, 2012
units

Shape and ellipticity
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Shape and selection for growth

* Heavier fish are more round,

* Fish selected for high growth rate
become more round & thicker

Improved breeding scheme
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Future directions: the breeding goal

* Robustness (survival) ne Y=
* FCR R no
* Cold tolerance no ves,
* Disease resistance ves. ves.
* (Carcass quality traits ves no
* Reproductive performance yes no
* Late maturation no ves

Tilapia breeding program

facilities.
= Production: 1200 tonnes
m Market: export of whole fresh fish and fillets

m Concerns:
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Tilapia breeding program: choices made

m Trait: (age at) harvest weight on farm
= No selection for fillet yield
m Selection on phenotypic (own) performance

= Natural mating in spawning groups
= Rotational mating system to reduce inbreeding

Rotational mating: principle with 4 cohorts
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Reproductive performance

# of full-sib families collected per check

Em 31

E2s 24 24
;zn
L 15
€10 1
-]
# 5
u !
1 2 3 4 H 6
Check for eggs

Tilapia breeding program

= Some results:

» 5 generations of selection
» Harvest weight from 750 gram to > 1000 gram

» Age at harvest from 9 months to 7.5 months

» Correlated response in fillet yield:
34.6 % > 36.9% (gen. 4)
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Response to selection

900.00
200.00
F00.00 4
e00.00 -
500.00
400.00
300.00 -
200,00 +
100.00 -

0.00

/\
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—avg out

avg days
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Selection and feed efficiency....

5.00

4.00
3.50
3.00
2.50
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1.50
1.00

4.50 -

0.50 -
0.00 -

y¥=0.0235x+ 1.2441

R*=0.4899
— avg DGC
—a\rg\rc_

G1 G2 G3 G4 G5 G6

Selection for growth (increased harvest weight) should be

accompanied by evaluations on realized FCR
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Cold tolerance

Conlng Degres Hours
=

&0 »
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Appendix 5: Presentations workshop
consumer preferences
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Perspectives for selling to the European
fish market

Overview results socio economics Diversify

12 June 2019, Gemma Tacken

Sea food production is changing

World capture fisheries and aguaculture production

Million tonnes

160

140 . A uatuiture producdion
I Captuie production

120
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a0
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20

1]

50 55 &0 65 T 75 B0 85 a0 95 0o 05 12

E.WAEENWEEN Vs
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Sea food buying is changing

Seafood retail is changing:
Market share by value of fish retail in the UK, 1988-2003

120
100
80
&0

el O
") O
3

L oo o D PP
% o0 o
'\ﬂj _\‘:5 _\0; '\q' "L;@ "IEP

B Supermarkets Il Market stalls
E Mongers E Other outlets

AWP-EENINEEN g

Diversify Socio economics

B WP 27 Institutional and organizational context
B \WP28 New product development

B \WP29 Consumer value perceptions and behavioural
change

B WP30 Business model and market development strategy
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Research partners

/v IRTA’

AARHUS UNIVERSITY

o«

Universidad de La Laguna
EAKE®E

oo [\ APROMAR  TU/e 555

WAGENINGEN D | -

Funneling approach

Market analysis

All species
(consumer and b-to-b) P

P Greater amberjack
Development Meagra

(incl sensory test) Grey mullet
Pikepearch

Greater amberjack
Meagre Business models
Grey mullet
Pikeperch

Gray mullet
Graater amberjack

Greater ambenack
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Market analysis

In favour of new products in the market ...

® Government programmes support fish intake, since
e fish is perceived as more healthy than meat, or

e higher fish consumption is stimulated from a more
varied protein consumption perspective

® Aquaculture is perceived as more sustainable than wild
caftch

® Aquaculture of these new species can bring employment
in regions with high unemployment

® Increasing world wide demand for proteins, which might
increase the price for fish products

® Consumers decrease meat and meat product
consumption for health reasons (WHO advice)

e
WAGENINGEN @ .
UNMIWERETY & REEEARTH -

i
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Number of new fish products launched
in the EU market
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Source: Mintel GNPD-database, 2014

Fish product launches per year
for the selected 5 EU countries
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Points of attention ...

® The protein market in the EU is nearly stable, only in
emerging countries growth of protein intake is to be
expected

® Competition on protein sources will increase, since soy
and milk based meat substitutes come in the market
with large promotion budgets.

® Certification is a requirement for buyers. Per buyer the
requirements are different, these are not country
dependent but party dependent

® Most fish species are not well-known. So before market
introduction the species have to be positioned in relation
to other fish species

® Consumer think in terms of recipes, so development of
recipes is very important

SRR

Two potential segments for new products

Psychographic profile of the segments

SN

® 5 Knowledgs

< Cl2 =]

(invaived) Traditional (Invoived] innovators  Ambiguous indifferent
M=723 M=711, M=572
0% 4% 4%
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GERMANY

ITALY FRANCE

UK SPAIN

Lo
engradsdgeable

Sea food consumption is changing (1)

® 94 of income spend on food has declined in most
countries due to the crisis, but this will (partly) recover

® Tuna, cod, salmon and shrimps are most consumed
across the EU. The fish market for flatfish and small
pelagics is saturated but market needs for shrimps,
groundfish, salmonids and tuna are not satisfied with
local production/catches.

e Good filets and hardly any or easy bones

® Northern EU countries eat more processed fish than
southern EU countries, but this changes rapidly now
market shares of supermarkets are growing for fresh
products in the southern EU.

® Minorities grow faster than locals in most countries, so
ethnic developments change the eating habits and
WAGENINGEN assortments in supermarkets.

UNIVERETY & RESEARCH
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Sea food consumption is changing (2)

® personal well-being and (health) impact are growing
motives for food choices.

B Price quality relationships have become a leading buying
motive due to the crisis

B Increase of fresh fish assortment in supermarkets

® Concentration in sea food consumption areas is fading
out to other areas due to increasing high quality
availability in supermarkets and hypermarkets all-over
the countries

® Increasing demand for value added products like
marinated fish

® Saturation of the protein market in the EU. Growth can
only be reached by defeating the competition.

sl R
WAGENINGEN fige

& REEEART -
s

New product ideas and prototypes (1)
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New product ideas and prototypes (2)

Attributes important in communication

® Country of origin for personal identification

® Use nutrition and health claims if possible (EGO vs ECO)

B Certification with respect to sustainability is important
but not coherent

i W
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Market test

® Help consumers in positioning of the new species
® Innovative consumers try new products first

® Communicate that the product is environmental friendly
helps in some countries

® Only in Spain price promotion helps, in other countries it
works out negative

® Southern European consumers are more open for a new
species as greater amberjack

® Market penetration should be done country by country
instead of pan-European

. — |

When will new products be a success?

® What ultimately determines the success for new
products is:

e providing products that offer advantages that meet
consumers’ different needs,

e The species can rely on a positive image and

e Gaining fast a strong market position based on
cooperation between suppliers, the industry and
retail

J, rocenmaen | .
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Thank you for
your attention.
Please feel free
to ask questions

More information:

gemma.tacken@wur. nl

Or www.diversifyfish.eu

Co-funded by the

ﬂ' ,' Seventh g »
< YPIVERSIFY - procscroedll £

142 | Wageningen Livestock Research Report 1219



Appendix 6: Lantern fish project and the
win-win supporting tilapia culture; ideas
for a long term Lantern fish — Tilapia
project.
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Lantern fish project and the win-win supporting tilapia
culture

In Autumn 2018 dr. Kals was invited by IFSRO to write a quotation for the joint
research project: "Improvement of the fish value chain in Iran: value creation in fish and
fish products", which is based on the results of the fact finding mission in 2017 and the
research priorities given by The Islamic Republic of Iran (appendix 3).

During a Skype meeting in February 2019 with the director of IFSRO, IFSRO
research colleagues , dr. Hans Smolders the Dutch agricultural attaché, dr. Kals and
WUR research colleagues it was decided to focus solely on the processing of Lantern fish.
A new proposal: “Improvement of the fish value chain in Iran: Increase of the use of
lantern fish for both fishmeal and human consumption phase 1”, was written and
discussed with IFSRO during our meeting at AREEO, Teheran in June. IFSRO was
determined to start with the project as soon as possible. Yet, the major bottleneck to
start the project appeared to be the restrained position of the private sector due to the
economic sanctions. However, all agree the Dutch-Iranian joint cooperation can play an
important role in the development of the Iranian fish value chain.

Business case Lantern fish

The proposed activities of the Lantern fish project can be read in appendix 2.
Interesting is the business case behind it and the connection with the development of
large scale tilapia farming in Iran.

The average mass balance of the processing of marine ingredients (e.g. Lantern
fish) into fishmeal and fish oil is that from every metric ton of fish, 250 kg of fish meal
and 50 kg of fish oil can be produced. In addition, it is interesting to note that every ton
of marine ingredients contains approximately 700 kg of water, a resource getting more
valuable every day. Focussing on the case of Lantern fish. The goal of Iran is to increase
the landings of Lantern fish to 100 kton year in the next five years of which 50% will
be allocated for human consumption and the other 50% for the production of fishmeal
and fish oil.

Protein of Lantern fish for human consumption

The price of fish protein as a half fabricate (mince) for human consumption depends
largely on the quality of the product. The whiteness and colour homogeneity of fish
mince are the major factors that determine consumer acceptance and price. In Britain
fish mince is classified in three qualities, A, B and C standing for mince having little
discolouration, mince discoloured with blood and haem proteins and discoloured mince,
respectively, with prices ranging from £ 1000 to £ 400 ton™! for the best and less
quality products (Shahidi, 2007). The quality and therefore the price of fish
protein/mince from Lantern fish is difficult to predict at this moment as the production
of fish protein/mince for human consumption is one of the research priorities of the
proposal. However, Shaviklo and Rafipour (2013) showed it is possible to produce
prototype Lantern fish products for human consumption.

Production of fishmeal and fish oil from Lantern fish

The production of fishmeal and fish oil is a well-known process and according to (El-
Mowafi and Berntssen, 2010) the composition of fish meal and oil from Lantern fish is
comparable to that of South American fish meal and oil. Assuming that 50% from the
expected landings of 100 kton y! can provide Iran with 2500 ton of fish oil and 12500
ton of FM y! this represents a value of approximately 24 million US $ y'.
(https://www.indexmundi.com/commodities/?commodity=fish-meal&months=60 and
https://www.statista.com/statistics/762335/fish-oil-price-worldwide/). More
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importantly these amounts Of fISh Summary of FIFO Ratios as calculated by IFFO
l;
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. . . 0.
Iranian tilapia culture up to a - . - .08
production of 150.000 ton y!
assuming the non-marine feed
ingredients are available and a feed Figure 1: the fishmeal and fish oil percentages in
conversion ratio from tilapia feed to diet of different fish species and their fish in fish out

tilapia of 1.3, which fits with the FIFO ratio (FIFO). From http://www.iffo.net/
ratio of 0.3 (Figure 1).

Ideas for a multi-year Lantern fish — Tilapia project

August 2019, Jeroen Kals & Hans Komen

WAGENINGEN

UNIWVERSITY & RESEARCH
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Increase use of lantern fish for both fishmeal, fish
oil and human consumption '

Analyses current raw material
Contacting suppliers of technology
Production fish oil on laboratory scale
Quality assessment of the product

Production functional protein and fish oil on
laboratory scale

Quality assessment of product
Production of representative samples

Potential added value using lantern fish

WAGENINGEN

UNIVERSITY & RESEARCH

Production of fish oil without production
functional protein

® State-of-the-art fish oil production: input of
fresh fish and output of fish oil and denatured
protein meal (fish meal) or fish hydroiysate

® Technology offered by commercial parties. The
options for lantern fish will be assessed by
the 3 steps:

- Approaching technology providers

Production of raw fish oil samples on
laboratory scale

Quality assessment of the product

WAGENINGEN

UNINERSITY & RESEARCH
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Production cf fish oil and functional protein

" Production of functional protein requires a
technology ut a heating step before the
protein has been remocved from the cil fraction

® WR demonstrated production of sarcoplasmic«
(water soluble) and myoiib ubie)
proteins from fish and fish by products

® Process can be the base for technology
development protein production with
functional properties from lantern fish

WAGENINGEN

UNNMERSITY & REEEARCH

Development tilapia culture in Iran

Analyses current state of the art

Contacting suppliers of technology

Making blueprint tilapia farm using bore water
Making blueprint tilapia hatchery

Capacity building breeding

Development infrastructure tilapia feed
Processing of tilapia into products

Product development

WAGENINGEN

UNIVERSITY & RESEARCH
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Development tilapia culture in Iran

Contacting suppliers of technology
Processing of tilapia into products
Processing by products into products

3. Product development

WAGENINGENM

UNNVERSITY & RESEARCH

Development tilapia culture in Iran

P | 1 Dol of pryacson, = |1 infmmoned | "

Capacity building breeding

Contacting suppliers of technology

Development infrastructure tilapia feed
feed using Lantern fish or by products

» feed using local ingredients

T v :_.: "‘_'. by
ok L Uy sl el
O S e S

WAGENINGEN

UMMNERSITY & RESEARCH
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Impro
quality of |

Wageningen Livestock Research Together with our clients, we integrate scientific know-how and practical experience
P.O. Box 338 to develop livestock concepts for the 21st century. With our expertise on innovative
6700 AH Wageningen livestock systems, nutrition, welfare, genetics and environmental impact of livestock
The Netherlands farming and our state-of-the art research facilities, such as Dairy Campus and Swine
T +31(0)317 48 3953 Innovation Centre Sterksel, we support our customers to find solutions for current

E info.livestockresearch@wur.nl and future challenges.

www.wur.nl/livestock-research
The mission of Wageningen University & Research is ‘To explore the potential of
nature to improve the quality of life’. Within Wageningen University, nine specialised
research institutes of the DLO Foundation have joined forces with Wageningen
University to help answer the most important questions in the domain of healthy
food and living environment. With approximately 30 locations, 6,000 members of
staff and 10,000 students, Wageningen UR is one of the leading organisations in its
domain worldwide. The integral approach to problems and the cooperation between
the various disciplines are at the heart of the unique Wageningen Approach.
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